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REPORT ON A SURVEY OF THE ANDROSCOGGIN RIVER, MAINE
AND NEW Haw.PSHIRE, FOR FLOOD CONTROL

Syllabus

The District Engineer finds that the average annual flood
dsmages in the Androscoggin Basin are about $U45%2,400. These dam—
ages are caused principally by severe floods of rather infrequent
oceurrence. The most practicable means of obiaining comprehensive
flood control throughout the basin is by means of reservoirs. Ex-
isting power storage in the Rangeley Lake System already provides
a high degree of control, with appreciable flood-reducing effects,
of 31.6% of the basin area. Additional control of 42.5% of the
basin area, bringing the total control to 74.}% of the total basin,
could be provided with a system of four reservoirs which would
eliminate 82.5% of the average anmual flood damages.

The District Engineer concludes that the four reservoirs, or
any combination thereof, would not be economically Justified at
the present time. There are vossibilities for multiple~purpose
development of the reserveirs for flood contrel, conservation
storage and power generation, but these are also not justified at
the present time.

The District Engineer also concludes that local flood protec-
tion by means of levess and river walls or channel improvements is
not warranted at the present time. Many local flood problems
eould be alleviated by the reconstruction or removal, at the end of
their economic or physical life, of dams, bridges and buildings
which affect flood flows and by the provision of zoring regulations
to eliminate channel encroachments and developments in areas subject
to frequent flooding.

The District Engineer recommends that no improvement of the
Androscoggin River for flood contrel by means of new construction
be undertaken at the present time and that all sgencies concerned
cooperate in improvement of the flood situation by coordination of
existing storage, flood-warning and forecasting services and zoning
regulations.



War Department
U. S. Engineer 0ffice
Boston, Massachisetts
June 30, 1938

Subject: Report on a Survey of the Androscoggin River, Maine and
New Hampshire, for Flood Control,

To: The Division Engineer,North Atlantic Division,¥New York, N.Y.

1. INTRODUCTION

1. Authority. - This report is submitted in accordance with an
Act (Public No, 8L2, Thth Congress) approved June 25, 1936, amthoriz~
ing a UYpreliminary examination of the Androscoggin River, in Maine
and New Hampshire, and its tributaries, with a view to control of
their floods" and the Flood Control Act (Public No. 738, Tith Congress)
approved June 22, 19%6, which reads in part as follows:

"Section 6. The Secretary of War is hereby author-

ized and directed tocause preliminary examinations and

surveys for flood control at the following-named locali-

ties * * * ¥ * ¥ andyoscoggin River, Maine * * * * x d u
A preliminary examination report dated October 11, 1937 was submitted
by the District Engineer and reviewed by the Division Engineer and the
Board of Engineers for Rivers and Harbors. A survey to determine the
extent and character of flood protection which is economically Jjusti-
fied was authorized on Jamuary 24, 1938 (E.D.7H02(4ndroscoggin River,
Me.)-16).

2., Scope of the Survey. -~ This report is based on field sur-

veys and studies undertaken after the floods of March, 1936, The
field work included: 1levels to determine the high-water profile of
the March, 1936 flood; a comprehensive éurvey of direct and indirect
damages to determine the incremental amount of losses suffered at
increasing stages of the flood in separate reaches of the river;
aerial photographic surveys of 27 localities covering key damage
centers or prospective reservoir sites; geological reconnaissance
of 25 prospective reservoir sites; detailed topogrephical surveys

of four selected reservoir sites, The office studies included: a
determination of the most unfavorable meteorological and ground

conditions by the U. S. Weather Bureau in cooperation with the
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Engineer Department: collection and study of meteorclogicel ~nd
hydrological data from twelve precinitation observation stations in
or near the watershed, cleven gtream goging stations and other
sources; preliminary investigations ond estimates of cost for 25
rrospective dams and reservoirsg: detailed analysis for four dems
and reservoirs and the analysis of local flood protecticn possie
bilitics at 11 flood damage conters. These data, together with
the vrevious reports of this department and pertinent work of other
agencies, were studiled as outlined in this report with a view to de-
terminaticn of the extent and character of flcod protection vhich
is economically justified.

4. Prior Reports. -~ There are twe prior reports on this river

vertaining in whole or in part to flood centrol:

2. A report under the provisions of House Document No.
308, 69th Congress, lst Scssion, covering navigation, flood
control, mower development and irrigation. This report,
printed as Hcouse Document 646, 7lst Congress, 34 Scssidn,
concluded that cenditions were not favorable at that time
(1930) for coordinated river development.

b. A preliminnry examination report dated Octeber 11,
1937 wnich concluded that general flood nrotection for the
basin could be most practicnbly szcurcd by means cof roser-
voir contrel, but that the annual flood damages in the bssin
are not sufficient to warrant completce flood protection at
the present fime. A survey wag recormendsd to determine the
extent and charactor of the partial flood protection which
may be justified in the basin.

4. Remorts of Other Agencics,. = Bxtonsive refercnce was mado

during this survey to all reports, publications and other dats of Fed-
eral, State, municipal and private crganizations which contain inform-—

ation on the Androscoggin River. The most important of these sources
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of information are cited throughout the report in the sections to
which they apply. Acknowledegment is due to all agencies and individ-
uals who cooperated in procuring and furnishing datn for this survey
and especially to those whose efforts during and immediately follow-
ing the floods of March, 1936 made possible the collection of vital
information which would not otherwise have been availabdle to the
Enginecer Department.

5. Existing Project. -~ There are no prior or existing projects

for flood control for the Androscoggin River.

6. Maps. - Tho United States Geological Survey general maps of
Maine and New Hampshire (secnle 1:500,000, or about & miles té 1 inch),
and Sheot 1 of the New Hampshire Transportation Map and Sheets 2 and 6
of the Maine Transportation Map (scaie 1:250,000, or about Y4 miles to
1 inch) issued by the Bureau of Public Reads, include the basin. The
Geological Survey topographic sheets (scéle 1:62,500, or about 1 mile
to 1 inch) cover about 85 per cent of the area. Some details of the
tidal portion of the river are shown on United States Coast and Geo-
detic Survey Caorts Nos. 314 and 1204, but these contain no soundings
above the outlet into Merrymecting Bay. The United States Geological
Survey hag igsuod a profile of the main river from tidewater to Umba-—~
gog Lake (scale 1:24,000 horizontal and 20 feet to 1 inch vertical)
with maps of the upper portion beginning at a voint about 10 miles be-
low Rumford, Maine. The survey for these maps and profile was made

in 1905.



I1. __ DESCRIPTION OF THE BASIN

7. Locabtion and General Description. - The watershed of the

Androscogein River lies principally in western Maine, with pert of
the headwater ares, comprising 20 per cent of the total, lying in
New Hampsghire (see Figures 1 and 2). The basin has a length of 110
miles, meximum width of 55 miles and a total area of 3,470 square
miles. The lake and pond area of 143 square miles, 4.1 per cent of
the total area, exercises complete or partinl contrel over approxi~
mately 1400 square miles, or Y40 per cent of the entire basin. The
genersl elevation of the watershed is higher than that of any other
eastern river in the United Statés. The upper portions are rough,
mountainous and almost entirely covered by forests. The lower por-
tions are hilly, partly wooded snd contain considerable cultivated
land.

8. Geology and Topography. ~ The lower portion of the basin is

characterized by broad, low hills and long, gentle slopes with preval-
ent large lske and swamp arens. The upper vortion of the basin is
dominated by irregular grdups of steep nills and low mountains, witﬁ
numerous lakes and marshes in the intervening lowlands. The lowlands
and mich of the hill topography constitute the haphazard, little dis-
sected, surface of the doep glacial overburden b@noath which the pre-
glacinl bedrock drainage courses are completely buried. Across the
lowest areas of this overburden the Androsqoggin River and its trid-
utaries follow irregular winding courses in poorly-defined valleys.
Development of tributary drainage is 83ill rudimentary. While bed-
rock is exposed, or cloge to the surface, in the high hills and
mountaing, outcrops are small and scattered in the lowlands. Bedrock
is exposed in numerous short channel reaches, dbut, with few exceptions,
the channel has not been incised into the rock more than H to 10 feet.
Bedrock within the drainage ares is predominantly granite, schist and

gnelss with occasional areas of slate and other metamorphic rocks.
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T™he overburden consistis mainly of gravelly, somewhat silty sands. Ex~
tensive deposits of sand and, in some areas, silt, are found in the

lowlands.,

9. Description Qf the Main Sipeam. - The wiver rises at the
Canadian border near the boundary between the States of Maine and
New Hampshire in mountainous territory which lies at sn elevation of
2600 tc 2900 feet above mean sea level. The main river is considered
as having its source in Umbagog Leke dbut the actual headwaters of the
principal contributing streams lie about 40 miles further north. From
Umbagog Lake the river flows in a southerly direction in New Hampshire
for about 35 mileg before turning east into Maine., TFrom the Maine~
New Hampshire line the river continues in an easterly direction for
a distance of 70 miles and theh turns to flow generally south for 60
miles before reachingbtidewater at Brunswick, Maine. The mouth of
the rivef.is at its outlet into the west end of Merrymeeting an, a
tidal basin through the eastern porticn of which the Kennebec River
flows. The total length of the Androscoggin River from headwater
to tidewater ig sbout 200 mileg., Unbagoeg Leke lies at an elevation
of 1244 feet above mean sea level, giving an average slope of the.
river in the 167 miles fron Unbagog Lake to tidewater of nearly 7.5
feet per mile. In the 30 niles from Umbagog Lake to & point just
above Borlin, New Hampshire, there is & fall of 152 feet, or 5.1
. feet per mile. In the next 2.7 miles there is concentrated a fall
of 238 feet, or slightly more than 88 feet per mile. From this point
to the state line, a distance of 35 miles, the fall is 174 feet, or
5.0 feset per mile. The fall from the state line to the mouth of
Swift River at Rumford, a distance of 37 miles, is 258 feet, or 7.0
feet per mile, but included in this reach is a fall of 177 feet in
a digtance of 1.7 niles at Rumford, more than 100 feet per mile.

In the next 21 miles there is a fall of only 68 feet, or 3.2 feet

to the mile, and in the remeining 61 miles to tidewater, 354 feet,
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of nearly 6 feet to the mile.

A profile is shown on Figure 29.

Records of discharge of the main river at Auburn, Maine (drainage
&

arca 3200 square miles), 24 miles above Brunswick, for the J~year

period 1928-1936 give:

(March 20, 1936)%

minimum 465 cubic feet per second;

maximum 135,000 cubio fect per second

mean 5U20

cubic feet per second. The tidal portion of the river oxtends from

Merrymeeting Bey to the natural falls and dam at Brunswick, a dig~

tance of about 3 miles.

from 3 to 5 feet and the controlling depth at mean low water is 3

feet or less.

10.

Deseription of Tributarics, -

The mean range of tide in this rench varies

The principal tribubaries of

the Androscoggin River are given in the following table in order of

location from headwabter to momth.

scot, and Little Androscoggin Rivers is shown on Figure 30.

& profile showing the Webb, Hezin-

TABLE 1. TRIBUTARIES OF THE AWDROSCOGGIN RIVER
Drain=- Distanca ‘
age b mouth | Discharge of Record
River Area Location from I (c.fes./sq.mi.)"
(sq.mi,)] - Headwaters Mouth fidewater| Max. | Min., | Mean
(miles)
Magalloway 500- | At Interna- |Erroi,N.H. 165 Com pletelly
tional bound- Rejgulateld
ary 13 Mi.V.
of Big Isleond,
MG.
Swift 135- | 5§ Mi.N. of Rumford, g2 | 136.84| .05* | 1.87
: Houghton,Me. Me.
Webb 125. 13 Mi.N.E. of {Dixfield, 15 iNo gagike statfion
ngd, Me. Ma.
Dead 100 |4 Mi. W. of 5 Mi.. N. 46 |No gagiing stajtion
Vienna, Me. of Leceds,
Me.
Nezinscot 275 .12 Mi. N.F.of |4 Mi. N.B. 38 |Wo gngilg statfion
Redding, Me. of Turner,
Me.
Little An- 380 ! Bryant Pond, ! Auburn,Me. 2l 46.581 .01% | 1.83
droscogsin * 1 Me, ! .4 i

* Regulated by controlled étorage,

- -




11. Population. - The %otal population of the basin in 1930
was nearly 150,000% approximately 124,000 in Maine and 26,000 in New
Hompshire. The upper part of the basin is largely wild land with
comparatively few settlements, almost all of which are on, or close
to, the streams. In the lower half of the basin there is a large vol-
ume of manufacturing, the principal products being cotton goods, pulp
and papoer. The only cities and towns in the basin with populations

exceeding 4,000 are the following (all located on the main river):

TABLE 2, PRINCIPAL CITIES AND TOWNS

City or Town | Population Distance from
{19%0 Census) Tidewater (miles)
Lewiston, Me. 34, qug 2
Auburn, Me, 18,571 ok
Berlin, N, H. 20,018 134
Rumford, Me. 10,340 g2
Brunswick, Me. 7,604 o
Mexico, Me. 4, 767 g2
Lisbon, Me 4,002 7

12, Transperiation. ~ In general the highway system for the
Androscoggin Basin is adequate for present requirements, comprising
a trunk-highway system with connecting roads in the central and lower
valley and sufficlent roads in the northern portion of the basin io
rrovide access to the lakes and small settlements in this section.
The principal railroads are the Maine Central and the Grand Trunk,
serving the southern portion of the basin. Railroads serving the
northern section have been replaced by bus lines. The river is re-—
garded as navigable to Brunswick at the head of tidewater, but there
have been no improvements for navigation and there is no record of

gppreciasble commercial or pleasure-boat activities on the river.

-8



13. Development of the Basin., - The principal indusitries are

textiles, boots and shoes, and pulp and paper products. These deval-
opments are located prineipally in the lower basin and at water-
power sites on the main stream. There is only a small amount of
agriculture carried on and it is confined principally to poultry,
_dairy and orchard farming.

14. Existing Powor Development. - The Androscoggin River

Basin is highly developed for power, containing about 41% of the
total water power capacity of the entire State of Maine. With a
gmaller drainage area than the Kennebec or the Penobseot, the
Androscoggin River accounts for a greater total ingtalled gener-
ating capacity than sither of these rivers., Water-power develop-
ments of 100 horsepower or greatoer within the basin total 246,469
horsepower. Nearly all of this total is developed on the main
river, about 180,000 horsepower being within the State of Maine,
60,000 horsepower in the New Hempshire portion of the river, and
and balance of some 6,000 horsepower on the tributaries. Table
3, compiled from information furnished by the United States
Geological Survey, contaoing the data pertaining to the existing
installations in the beasin. The locations and capacities of
major water-power developments and the principal Yronsmission
lineg, in relation to those in the New England States, are shown

on Figure 3.
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TABLE 3.

FTATER POWER INSTALLATICNS -

HDRCSCOGGIN RIVAR BaSIN

(Installations of less than 1C0 horsepower not tabulated)

PRINCIPAL JUPEAATING | CUMULATIVE | INSTALLED ~ | CUAULETIVE
NAME OF DAM LOCATION OWNER USE HEAD HEAD CAPACITY | STORAGE
(feet) (feet) {horsepower)| {acre-feet)
MAIN RIVER IN MAINE
Brunswick Brunswick Central Me. PowerCeol U 14) 14 1,932 739,000
Brunswick Brunswick Cabot lifg. Co. M 14) 500 739,000
Cabot Mfg. Co. Brunswick Gabot #fg. Co. M 19) 33 4,200 739,000
Cabot Kfe. Co. Brunswick Cabot Hfg. Co. i 19) 6,000 739,000
Pejepscot Mills Brunswick Pejepscot Paper Co, it 22 55 8,08l 139,000
Lisbon Falls Lower Lisbon Falls Pejepscot Paper Co. M 13.5 68.5 1,1489 139,000
Lisbon Falls Upper Lisbon Falls Worumbo ¥fg. Co. M 19 87.5 300 739,000
Union Water Power Co. Tewiston Union Water PowerCa.i MN-U 50 137.5 23,000 o84, 000
with wmricas lessees {max.)
Androscoggin No. 3) Auburn Central Me Power (o. U 31} 169.5 10,6590 671,000
Deer Rips Lewiston Centralie.Power Co.| U 32} 5,500 671,000
guif Island gulf Island Central Me.Power Co. U 50 219.5 27,000 659,000
Livermore Falls Livermore Falls | Int. Paper Co. i 31 250.5 1C,8C0 659,000
Otis Chisholm Int. Paper Co. M ok 274.5 9,426 659, 000
Jay Jay Int. Paper Co. i 13.8 288.3 3,500 657,000
Riley Riley Int. Paper Co. M 20 308.3 6,953 657, 600
Rumford {34 fall) Rumford Oxford Paper Co. M 30 338.3 4 659 652 000
Funford Falls Power Rumford Int. Paper Co. K Lg 386.3 1k, 70l 652 000
Co. (Middle)
Rumford Falls Power Rumford Oxfeord Paper Co. N-U 98 hgh. 3 39,000
Co. {Upper) :
Total developed on main river in Maine

ihSh.}

179,023

¥ - Memnufacturing (Mostly paper & pulp mills)

U - Utility
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TAELE 3

(Conttd).

100 horsenower not tabulated)

WATER POVWER INSTALLATIONS - ANDROSCOLGIF RIVAR BASIY

(Installations of less than

g ! PRINCIPAL | CPERATING | CUMULATIVZ |INSTALLAED [CUMULATIYE
NiME OF DAM LOCATION OWNIR USE HEZEAD | TOTAL HEAD u&PACITY STORAGE
(feet) (feet) (horsepower) {(acre-Teet)

MAIN RIVER IN NZW HAVPSHIRE
Lead Mine Bridge Shelvurne | Brown Co. i 16 500.3 3,000 6Lkt oco
Shelburne Shelburne | Brown Co. A 17 517.3 4,900 U’ ,000
Twin State Gas & Elec. Co. Gorham Twin State Gas & Xlec. Co. U 18 535.3 2,700 ﬁm* ,00C
Gorham Gorham Brown Co, M 30 565.3 5,000 42, ,000
Cascade ill Berlin Brown Co. MU 4k 609.3 10,800 Eh2 ,000
Cross Plant Berlin Brown Co. M 21 630.3 4,750 cha, ,C00
Glen ¥ill No., 5 Berlin Int. Paper Co,. M 22 652.% Y000 6#2 ,000
Glen Mill B Berlin Int. Papsr Co. i 21 673.3 4. 500 L2’ ,000
Glen Mill G Berlin In%. Paper Co. ¥ 37 710.3 5,100 che’ ,C00
Riverside Berlin Brown Cc. -4 ) 775.3 15,000 I ,000
Total developed on maln river in Wew Hompshire 291 60,850

M - Hanufacturing {mostly paper and pulp mills)

U - Utility
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TABLE 3 (Cont'd)., WATER POWZR INSTALLATIONS - ANDROSCOGGIN RIVER BASIN

{Installations of less than 100 horsepower not tabulated)
]

PRINCIPAL | OPERATING | INSTALLED
NAME OF DAM STREAM LOCATION OFNER USHE HEAD CAPACITY
(feet) | (horsepower)
TRIBUTARIES IN HATNE
Grants Kennebago R. Grants Oquossue Li., & Power Jo. U 52 415
Barker Mills Lower Little Andros. R. Auburn Central Me. Power Co. U 38 800
Barker Mills Upper Litile Andros, R. Auburn Central Me. Power Co. U 32 758
¥inot Little Andros. R. Minot Rogers Fibre Co. M 11 224
Hackett Mills Little Andros. R. Hackett wills Rogers Fibre Co. M 11 364
liechanic Falls Little Andros, R. Mechanic Falls | Waterfalls Paper Mills M 36 1,907
Oxford Thompson Stream Cxford Robinson Mfg. Co. M 11 315
Norway Pennesseewassee L. Norway Central Me. Power Co. U he 450
Lisbon Centre Sabattus H. Lisbon Centre Farnsworth Co. M 18 235
Lisbon Sabattus R. Lisbon Lisbon Spianning Co, M 21 - 500~
Sabattus Sabattus R. Sabattus Park Mills Co. M i 133
Turner Nezinscot R. Turner Central ie. Power Co. U 1l 180
Chase Corners dartin Stream Chase Corners Luther M. Hodsdon it 11 200
Hale Swift R. Hale J. 4. Thurston Co. M 19 120
Total developed on tribdutaries in iaine €£,596
Potal developed in basin 246,469

¥ - Mamifacturing (mostly textile mills)

U - Utility




15, Power Production. ~ The total output of Maine utilitics

in 1935, according to the latest published statistics of the Pub-
lic Utilities Commigsion of the state, was about 714 million kilo-
watt=hours Qf which 692 million killowatt-hours, or 97%, represent
energy generated by hydro-clectric plants. Nearly 32 million
kilowatt-~hours of additionsl energy was either imported from out~
gide of the state or purchased from private power sources within
the state, bringing the total distridbuted by Maine utilities to
746 million kilowattehours. Statistics of the annual generation
by all utilities in Maine and separsote data for the Central Maine
Power Company and the Cumberland County Power and Light Company
are shown in Figure 4. The Androscoggin Basin has = large volume
of natural lake storage, amounting tc 223 acre-~feet per sguare
mile of drainage arca, as compared with 51 acre-fect on the adja-
cent Saco River: this large amount of storage 1s efficiently
utilized affording a high degree of flow regulation and a cor-
respopding‘enhancement of water-power production. Figure § .ghows
the flow duration curves of the Androscoggin River at Rumford, Mé.

16. Interconnection of Operating Companieg. = The principal

producer of power for public use in the bagin is the Central Maine
Power Company together with its subsidiary, the Androscoggin Elec-
tric Company. The systems of these companies are widely distributed
and well interconnected for the interchange of electric power, and
the Central Maine Power Compeny, which operates extensively in the
Kennebee basin, as well, pProvides & tie between the gencrating
gygtems of the two basins.

17. Powor Market. - The present extent of power development

in the basin smounts to 54 horsepower her square mile of drainage
area, as compared with 27 horsepower for the Kennebec and 15

horsepower for the Penobscot. The well regulated flow of the
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river with its great reserves of upstream storage is capable of
producing much more Power than is now required. Most of the plants
have the capacity and water available to furnish large additional
amounts of electric energy at but little increase in operating
coots. The principal use of olectric powser in the Androscoggin
basin is for manufacturing. MTable H, compiled from the Seventh
Biennial Report of the Publie Utilities Commission of the State of
Maine, containg data concerning sales of electric energzy by the
Central Maine Power Compahy. It is believed that although thisg
utility operates both in the Androscoggin and the Kennebee River
basing, the relative figures cited in Table U4 can be regarded as

representative for the Androscoggin basin.

TABLE 4. SALE OF ELECTRIC ENERGY  CENTRAL MAINE POWER COMPANY - 1935
Encray % of|No.of Cus-|Consumption | Average Gross
Type of Load Sold* Total [tomers per Customer| Revenue
(kvh ) Served (kwh) (cents/kwh)
Commercisl lighting | 49,559,877| 13.2] 77,467 640 .25
Commercial power 236,195,238 62.8| 2,131 110,837 0.85
Street lighting 4,005,960 1.1 - - 4,64
Unclassificd 41,760,186 11.1 - - -
18ales to other elec-| 44,162,115] 11.8 - - 0.69
tric utilities
Total, distributed |37%,983,376{100.0
and sold

*The total includes the energy generated by Central Maine
Power Company and that purchaged from cther utilities.

It may be seen that nearly 63% of the total is used to meet the
industrial demand; the item next in magnitude is the lighting
load, accounting for over 13% of the total,

1%8. Estimated Future Growth. - At present the oren is more

than adequately supplicd with power. The expansion of the load

is limited by the Mainc statute prohibiting the export of hydroe
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electric power from the gtate which eliminates the metropolitan
area of Boston &8 a possible market. Any future increase of the
power demand, barring legislative action by the state is, there-
fore, dependent upon the following factors:

a+ Increased Indugtrial Activity. ~ The industries in

the Androscoggin valley arc expected to participate in any general
recovery from the current economic decline, subject, however, to
the offsetting effect produced by the trend of the textile indus-
try to emigraﬁe to the Scuth. If this trend continues, it may
about balance the normal growth of the paper and pulp industry.

It is probable, therefore, that for the immediate future no large
inereange in induvgtrial power load will take place.

b. Further Farm Electrification. - The use of elec-

tricity on farms may provide an ountlet for some of the surplus gen-
erating capacity, especlally as & result of Federal aid for rural
clectrification., Tais dovelopment is already well advanced, how-
ever, since in 1934 approximetely 33 per cent of the farms in the
valley received electric service. In Androsengein County this pro-
portion wes 47 per cent. 4 factor limiting further expansion is
the continued decrease in farming activity in the State of Maine,
which decline amcunted to 14.5 per cent between 1920 and 1930.
Extension of service to a larger number of farms, while desirable,
is handicappced by the wide scattering of farm hoﬁses and by‘the
Poor economic condition of the farmer. The most promising ficld
for furthor rural consumption of powor appears to lie in addition~-
al use of cnergy for houschold appliances and farm machinery on
farms already connected. Between 1929 and 1937 electric consumption
on farms in the area served by the Contral Maine Power Company in-
creased from 370 kilowatt-houra per customer tc 691 kilcwatt-hours,

a zain of 87 per cent.
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c. Growth of Population. = The best outlook for increased

Yower consumption is undoubtedly in the field of domestic use. With
expanding industrial recovery, and normal growth of population, it
1s to be expected that the number of customers will inereasge, also
that a greater consumption per customer will result.

13, Potential Power Development. =~ Reconstruction and medern~

ization of older and smaller plants would result in an increasged
output and efficiency. This will probably be the first step towards
satisfying the riging demand in this distriet. It is not likely,
however, that new developments will become necessary in the near
future. The report on this river made under the provisions of

H. Doc. No. 308, 69th Cong., lst Sess. (printed as H. Doc. No.

646, 7lst Congress, 3d Session) lists 39 potential powei sites

with undeveloped power vossihilities in excess of 100 horsepower

at each site. OFf these 26 were on the main river and 13 on the
tributaries. After oliminating locetions at existing mille and on
the tributaries where the possible developments would be too small
or too far removed from markets, there remained 16 sites on the main
river, capable of developing 52,000 horsepewer on the 90 per cent of
the time basie. These potential sites ranged in size from 1400 to
6000 horsepower. Since the date of the above report, July 12, 1928,
none of these sites hag been developed. One reason for this is that
the most favorable locations are already in use; another is the sur~
Plus generating capacity in the Androscoggin basing a third ig the
ecage and economy of importing power from the adjoining Kenneobdec
basin. Redevelopment of old plants to produce more power will
Probably be underteken before resorting to new construction for
Providing additional power. In this comnection, it is reported thai
a number of the smaller plants, whe;e turbines or other water wheels

had been in use as prime movers of the mill machinery, the tendency

- 16 -



hag been to abandon such a drive in favor of electric motors. In
these cages it is customary to discard entirely the local power
plant and to purchase energy from the public utility companies,
rather than to incur the higher costs of gensrating it st the mill
site. The scope of this report 4id not permit the analysis of the
above mentioned potential power sitos nor of the other possibilities
for power development, except as they are rélated to a possible
flood control program, The results of analyseos on this basis are
given in Section VI,

20. Water Supply. - The available surface and ground-water

gupply in the Androscogzin Basin isg more than adequate for the
needs of the population. Twenty-four conmunifies in the brsin,
including all the principal concentrations of mopulation, are
served by water-supply systems. The sources of supply are divided
about equally among lakes and ponds, wells and springs, and small
gtreams. Treatment of the water by chlorination is provided in
systons wherc necessary and in general the guality of water ig
good throughout the bagin., There are numerous opportunities for
additional surface and ground-water supplies if the need for them
should develop and it is not expected that it will be necegsary o
uwtilize the main stream, vhich is subjieect to pollution, for water
supply.

2l. Sewage Digposal. - Practically all of the main stream of

the Androgcoggin River, beginning with Berlin, New Hampshire, and
contimiing through the principal cities in Maine, Rumford, Auburn,
and Lewiston to tidewater at Brunswick, constitubes a major polluw
tion problems The principal towns along the river are industrial
centers as well as concentrations of population and discharge both
domestic gsewnge and industrial wastes inbto the main stream without

treatmont. The‘improvement of sanitation conditions has been the
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subject of investigation by local agencies for a number of years
and is considered an urgent prevlem at the present time.

22+ Recreation. =~ Pollution of the main stream and the
fluctuations of water levels in lakes for power-storage purposes
constitute a handicap to recreational activities in some gections
of the basin. There are numerous small lskes and ponds and small
tributary streams in the lesser developed portions of the basinl

which offer recreational opportunitics.
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III. METEOROLOGY, HYDROLOGY AND FLOOD HYDRAULICS

2%3. General Climste. - The Androscoggin River watershed has a

variable climate, characterized by frequent, but short, periods of
heavy precipitation. The region lies in the path of those planetary
winds known as the "prevailing westerlies®; and the succession of
high and low barcometric pressures which accompanies thegse prevailing
westerly winds causes ﬁnsettled weather. Occasional tropical storms
have moved up from the south and have traversed the region. High
summer temperatures support an abundant and varied plant life, while
for three to four months in winter the temperatures are well helow
freezing. A heavy annual snowfall results from the sustained low
temperatures of winter.

24, Records of Tempersture and Precipitation. - The United

States Weather Bureau has maintained nine observetion stations for
temperature and precipitation in the Androscoggin watershed. Records
from these stations have been supplemented by records from three
stations located in adjacent areas. All stations used in this study

of the Androscoggin River are listed in Tadle 5 following.

TABLE 5. OBSERVATION STATIONS FOR TEMPERATURE AND PRECIFPITATION

Elevation Period Length of
Station (FPeet above of Record
M.S.L.) Record (Years)
Oquossuc Dam, Me. 1534 19001930 31
Upper Dem, Me. 1484 1886-1937 Ko
Middle Dam, Me. 1430 19041937 34
AziscoBosDam, Me. 1528 1911-1933 23
Errol, N. H. 1260 | 1885-1937 53
Milan, W.H. 1190 18871898 2k
19261937
Berlin, N.H. 1110 1 1887-1903 37
1918~1937 ~
Rumford, Me. 505 1893-1937 b5
Lewiston, Me. 182 1874-1937 6L
Farmington, Me.* 4o5 1891~1937 L7
Gardiner, Me.* 139 1836-193%7 102
North Brideton, Me.* 450 1893%-1937 un

* Located outside the Androscoggin Basin.
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determined from the records of four stations (Berlin, Rumford, Lewiston.

25.

Temperature Statisticg. - The mean annual temperature as

and Farmington) is UY2.7 degrees Fahrenheit.

Mean monthly and annual

temperatures at these stations are given in Table 6, following.

TABLE 6. MEAN MONTHLY AND ANNUAL TEMPERATURE - DEGREES FAHRENHEIT*
: ‘Average for
Month { Berlin,¥.H., [Rumford,Me. | Lewiston,Me. | Farmington,Me. | the basin
Elev, 1110 505 182 u25
Jan. 13.5 16.7 18.2 15.6 16.0
Feb. 15.6 17.7 18.9 17.4 17.4
Mar. 27.5 29.1 29.8 28.9 28.8
Apr. 39.7 .1 41.9 41.9 4.2
May 52.0 53.2 53.9 54,2 53.3
June 61.0 60. M4 63.5 63.1 62,0
July 66.2 68 .4 69.4 68.1 68.0
Aug. 63.2 65.2 66.8 65.6 65.2
Sept. 56.4 58.0 59.5 58.0 5%.0
Oct. h5.9 47.3 ug.8 7.2 47.3
Wov. 32.5 33.9 35.8 4.0 34,1
Dec. 18.8 21.8 2%.3 3 21.3
Annual 41,0 b2.7 L, 2 Lp.g 42,7

*For the period of record through 1935.

26.

Precivitation Stotistics. - The mean annual precivitation =g

determined from the records of nine stations (Upver Dam, Middle Dam,

EBrrol, Berlin, Rumford, Lewiston, North Bridgton, Farmington and Gard-

iner) is 39.Y4 inches.

stations are given in the following table.
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TABLE 7. MEAW MCWTHLY AND ANNUAL PRECIPIPATION IX INCEES {THROUGH 193%)
Average |
Month {Upper Dam | Middle Dam | Errol,N.H. | Berlin,N.H. | Rumford,Me. | Lewiston,Me. | N.Bridgton,ide.| Farmington,Me. | Gardiner,ie.|for the
' basin
Elev. 1lgh 1430 1260 1110 505 182 H50 Lon 139
Jan. 2.4l 2.05 2.78 2.95 2.88 3.8Y4 3.46 3.29 3.59 3.03
Feb. 2.06 1.84 2.61 2.82 2,91 3.73 3.34 2.95 3.4k 2.86
Mar. 2.55 2.18 2,82 %.33 3,32 4. 28 3.91 3.90 3.91 3.35
Apr. 2.18 2.42 2.60 2.65 3.22 3.2 3.45 3.29 3.33 2.95
May 2.93 3.33 2.97 2.91 3.28 3.47 3.55 3.08 3,64 3,31
June 3.26 3.56 3.79 3.63 3.53 3.48 3.58 3.68 3.23 3.53
July 3.25 3.61 3.78 3.50 3.67 3.60 k.19 3.45 3.37 3.60
Aug. 3.28 3.96 3.9% 3.61 3.5% 3.21 3.64 3.87 3.51 3,64
Sept. 3.15 3.52 3.43 3.10 3.50 3.52 3.70 3.59 3.33 3.43
Oct. 2.51 3.01 3.10 3.0 3.19 3.59 3.21 3.44 Y., 08 3.24
Nov. 2.78 2.85 3.11 3.44 3.36 3.83 3.61 3.59 3.93 3.39
Dec. 2.38 2.11 2.82 2.98 2.90 3.91 3,50 3.46 3.64 3.07
32.77 g 37.76 37.96 39.34 43,88 43,08 42,19 43.00 39.40

Anmaal
L
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27.

Snowfall. The annual snowfall on the Androscoggin water-

shed varies from 77 inches on the coast to 130 inches on the northern

headwaters. (See Figure 7).

For & rmamber of years the power com-~

panies operating on the Androscoggin River have conducted snow sur~

veys throughont the winter in the Rangeley Lakes region.

By means

of these surveys the companies obtain dabta regarding the "snow cover®,

that is, the depth of snow on the ground and its water equivalent.

These data are utilized in operating the storage reservoirs which

are filled each spring by run-off from the accumulated snow and

incidents) rainfall. TFor the past

two years the surveys have been

complete encugh to show the gradual accumulation of snow blanket

shroughout the winter (see Figures

gnow cover during March, 1936 is shown on Figure 10.

gtudy was mads of the gnow run-off
shed between Errol, New Hampshire,
were made of the minimum amount of
during the months of March, April,
through 1935 by deducting from the

from rainfall as computed by means

8 and 9). The depletion éf the
An additional
from that portion of the wator-
and Rumford, Maine. Estimates
run-off attributable to snow
and May in the period from 1925
total observed flow, the run-—off

of the unit-graph method. Assum-

ing 100% run-off from rainfsll, the excess of observed Tun-off over

that computed for rainfall alone may be attributed to melting snow.

It was found that the average total run-~off thue attributadle to

snow amounted to about 5.25 inches

lg d-aaySo

over an average period of ahout

This represents an average rate of nearly 0.3 of an

inch per day during the period when snow is melting and running

off,

28. Stream Flow Records. ~ Dabta concerning 11 streem gaging

stations in the basin operated by the United States Geological

Survey are shown in Table 8 following.

Information concerning the

aceuracy of the records is given in Water Supply Paper No. 78L.
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TABLE 8., STREAM GAGING STATIONS
Discharge in
Location of Drainege i Period of Cubic Feet Per Second
Gaging Station Ares Record Mean Maximum | Minimuam
{sq.mi.) *x
Androscoggin River
Errol Dam, N.H. 1095 1905-1923 Completely Regnlated
Berlin, N.H, 1380 | 1913-1922 | 2180 _| 14,300 "
Gorham, N.H. 1390 1929~1937 | 2360 13,900 960%*
Shelburne, N.H, 1500 1903-1907 | ~- 15, 600 *
Rumford, Me. 2090 1892-1937 | 3480 74,000 *
Dixfield, Me. 2230 1902-1908 | 4gko - *
Gulf Island, Me. 2850 1936 - 118,000 | 1550%
Auburn, Me, 3257 1928-1937 { 5420 135, 000 HGH*
Maralloway River
Agiscohos Dam, N.H, 233 1912-1935 Completely Reghlated
Swift River
Roxtury, Me. 95 1929-1937 1 178 13,000 5
Little Androscoggin River
South Paris, Me, 76 1 1913-1924 | 439 6,980 1
. 1931-1937
* Tlow regulated by controlled storage
** Ingtantaneous peak discharges
29, BRun~off Statistics. ~ The mean monthly flow of the Andros-
coggin River at Rumford, Maine, with the equivalent run-off, is
given in the following table,
TABLE 9, MEAN MONTHLY FLOW AT RUMFORD, MAINE (Through 1936)
(Drainage Area 2090 square miles)
Discharge ' Equivalent
Month - | Cubic Feet Per Second | Run-off in
Cubic Feet Per Second Per Square Mile Inches
January 2460 1.18 1,36
February 2320 1,11 1.16
Merch 3760 1,80 2,07
April 7260 3.U7 3.88
May 6830 327 377
June 2920 1.88 2,09
July 2510 1.20 1.38
August 2240 1,07 1.24
September 2310 1.11 1.23
October 2550 1.22 1.41
November 3090 1,L8 1.65
December 2500 1.20 1.38
Annual Mean 3480 Mean 1,67 Total 22,62
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30, General Fleood Situation. - The Androscoggin Bagin is exe
posed to storms which are capable of producing heavy rainfall and
which, especially in combination with a rapid melting of snow cover,
mey cause extreme floods, In addition, the flood situation is
often complicated by ice conditions, that is, ice jams and damage
to structures by sclid, floating ice. In general, however, the
resulting flood damages on the upper reaches of the river ars noi
severe because the area is sparsely settled and developed and be-
cause the cities and towns are located on rising ground. On the
central and lower portions of the river (below Rumford) the valley
is more developed agriculturally and indusirially. The cities are
built on lower ground adjacent to the river and serious damage
results in this section from the more severe floods of comparatively
infreguent occurrence.

31, Effect of Snow. ~ Melting snow has an important effect
upon gtream flow in this basin. It is nearly always a contributary
factor to major floods and often it is the main cause., The fesults
of snow surveys and studies are described in paragraph 27. These
studies, as well as information contained in the United States
Geological Survey Water Supply Paper No. 798, '"The Floods of March
1936, Part I, New England Rivers" indicate that there were at
least three incheg, and possidly more, of run-off due to melting
snow during the March, 1936 flood.

32. Effect of Ice, - Ice is also a factor in the floods
which occur early in the spring. The river flowé in a southerly
direction; consegquently, the ice in the lower reaches normally
softeﬁs and goes out sooner then that in the upper reaches and
headwaters. When the gpring break-up occurs early, however, ice

jams made up of thick, solid "blue ice", are likely to form at
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obstructions in the river. Ice jams which formed during the floods
of March, 1936, carried out a railroad bridge at Brunswick and causged
much physical damage to other structures beforé eventually possing
downstream. At Rumford an icec jam was successfully passed by reg-
ulation of the river at Errol, tomporarily reducing the stage.of
the river until the jam had passed.

33+ Typeg of Stormg. -~ The storms which occur in the Andros~
coggin Basin are of three general types: (1) extratropical cyclones,
(2) tropical hurricenes and (3) rein storms caused by the rapid dls~
rlacement gpward of a warm alr mass by & colder, denser air mass,
usually accompanied by en extratropical cyclone or tropical burricane.
0f these, the extratropical cyclones are the most numerous. Frowm two
to five such storms per month pass over New England over varying paths
and from widely scatbered origins. They ocecur throughout the year
and form the main factor in providing uniform year-round precipita-
tion. The most severe raing are caused by the secend and third
types which are less freguent and are dependent on other combina—
tions of meteorological factors for their occurrence in New England.

34, Extrabropical Gyclones.lw The shifting of air masses from

ono locality to snother causes the planetary circulations of the atmog~
there to proceed, with a general eastward trend, in great atmospheric
whirls producing disturbances marked by an area of low barometric
pressure at their center and called extrotropical cyclones. The storms
are usually accompanied by variable amounts of precipitation depend-
ing on thelr origin and paths; When the "lows" follow transcontinen-
tal paths, their moisture content is genersally modsrate but ag they
pass over the Androscoggin watershed from land to sea, the vortical
winds in the front sector sometimes bring moigture-laden air in-

land from the Atlantic Ocean. This movement is often asgigted by

- 25 -



the presence of an area of high barometric pressure offshore or in
the northeast over Newfoundland. Clockwise winds of the '"nigh" re-
inforce the counter-clockwise winds of the "low!" producing local
onshore winds which are undoubtedly a factor in increasing normal
nrecipitation. Somz of the storms of extratropical origin follow
a coastal peth in approaching New England. These usually have a
high moisture content and regult in higher than average preciplte-
tion. The first of the two storms causing the March, 1936 flood

ig an exomple of & coastal extratropical cyclone. This storm, how-~
ever, was accompanied by a movement of warm and ccld air masgses
and the resulting precipitation was higher than usually cccurs
with a coastal extratropicel cyclone alonsa.

35, Tropical Hurricanes., - A frequent vath of tropical hurri-

canes is westward from the West Indies ftownrds the Gulf of Mexico,
from whence & storm occasionally veers abruptly to the northenst
and moves u)p the Atlantic coast, caunsing heavy rainfall in the
southern Alleghenies. In travelling over the land the storm nsually
becomes greatly reduced in vidlence and precipitates most of lts
roisture before renching New England. Occasionally, however, such
o storm attains sufficient force to carry its moisturc into New
Englend and causes very heavy rainfall., On September 16, 1932, a
tropical hurricone caused rainfall of 8.3 inches at Kingston, Rhode
Tgland and the eight-inch isohystal inclwuded areas in Maine and Now
Hampghire. The ccecurrence of these hurricaneg is limited to late
summer and early fall,

36. Movement of Air Masses. — In addition to the two general

types of storms described above, there is a third type of distur~
bance important from a flood stendpoint, namely, the severe rain-
fall caused by the rapid displacement upward of & werm air nnsgs by

2 colder, denser air mass. Thisg type is not strictly clagsifiable
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as a "storm" but represents rather a combination of climatological
Thenomens, producing results that cannot be classified as character-
istic of either extratropical cycleones or trowmical hurricanes, al-
though either one of those types of storm is wsually a part of the
combination of conditions attendant upon air mass movements, The
Prineipsl factors which digtinguish these combinations ag a storm
type aret (1) steady reainfall of greater thon average intensity
and duration over a comparatively large area as contrasted with the
more moderate rainfall of long duration over a smaller arsa for ex~
tratropical cyclones and the more severe rainfall but of shorter du-
ration for tropical hurricanes; (2) the possibility of occurrence
of the necesgsary combination of phenomena at any time of year as
against the limited season for tropical hurricanes; and (3) the ef-
fect on a snow—cqvered watershed of unseasonably warm weather which
usually accompanies the influx of the warm, meist air mase o the
region. Thig factor is very important in the Androscoggin Bagin
where the inclusion or exclusion of snew run-off during a severe
rain gtorm often represents the difference between a non-damaging
and damaging flood.

37+ Record of Past Floods. - The five highegt floods of.record

on the Androscoggin River at Rumford, Maine (drainage area 2,090
square miles, of which 1,095 square miles are completely controllied)

were as follows:

TABLE 10. TFLOOD FLOWS ~ AWDROSCOGGIN RIVER AT RUMFORD, ME,

Order of Average Average 2U=hour
Mognitude _ Date 2lUwhour }[Pesk Discharge|Run~off in
Digcharge c.f.8. per
(cofuss) (e.f.s.) square mile
5 May 18, 1893 38,100 - 18,2
2 April 15, 1895 55, 200 - 26.4
L March 2, 1896 39,000 - 18.6
3 November 5,1927 39,100 46,700 18.7
1 March 19, 1936 68,300 74,000 32.6
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The March 1936 flood was the greatest in the lower reaches of the
Androscoggin River since the beginning of systematic records in
1892. United States Geological Survey has published, in Water
Supply Paper Wo. 798, a collection of notes regarding early floods
in thig basin from sources believed to be authentic. These noteg |
refor to floods as far back as February, 1723 and indicate that
damages, especlally to bridges and mills, were suffered in 1785,
1814, 1820, 1826, 1227, 1846, 1869, 1895 and 1896, The notes also
indicate that the March 1936 flood exceeded all previous flows ex~
cept, possibly, those of 178&5.

38. The Flood of March, 19%6. - The maximum discharge of

65,300 c.f.s. exceeded the highest previously recorded (in 1895)

by nearly 2% per cent and the flood lossecs were many times greater
than any previously suffered. The flcod was caused by a succession
of two storms within & pericd of 11 days; Bninfall for the pericd
March 10 to 20 was hecavy throughout the entire New England areas,
varying from a few inches along the coast to a moximum of about 20
inches in the White Mountains, which are the common headwaterg of
the Connecticut, Merrimack, Kenncbec and Saco Basins, as well as
the Androscoggin Basine. Four lives were lost in the Androscoggin
Basin during the flood and.over 1,500 familieg, involving aboub
6,000 people, werc temporarily homeless. About 2,000 buildings
were affected by the flood. Bighteen bridges were wholly or
partially destroyed and ten additional bridges suffered some dam~
age; Although the actual area fleoded was not large, several towns
were practically cut off from the outside world for from one to four
days as railroad, highway, telephonc and telograph facilities were
disrupted. Several towhs were temporarily without light, power and
water, The depth of water in the arca flocded wvaried greatly. In

the towns and cities a few principal streets were covered to depths
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of from one to five feet generally, although depths as great as 15
feet were reported in Brunswick, Maine. The total demages suffered
in the basin were over four million dollars. More detailed figures
for damages -‘are given later in this report. In the paragraphs im=
mediately following, the meteorological and hydrological conditions
affacting the flood are summ#rized. A complete description of the
flood is given in Water Supply Paper 798 of the United States Geo-
logical Survey.

39. Genersl Watershed Conditions - March, 1936. - The winterts

snowfall of 63.5 inches for the three northern states of Wew England,
for the threo months of December, Jamuary and February, 1935-1936,

was 8.2 percent above the 15 year average for that three-month poriod.
The temperature, moretver, had been below normal for the three months
preceding March, 1936. The average daily deficiency for the three
states was about 9.1 degrees, indicating only slight thawing and
nelting of snow during the winter and suggesting that practically all
of the winter!s snow was on the ground at the begimming of the gtorms.
Farthermore, tho snow cover's capacity to absorb rainfall was prob-
ably large because the prevailing cold weather had been conducive

to lesser congolidation than if there had been alternate freezing

and thawing. Studies of the snow run-off indicate that it is very
likely that much of the first storm's rainfaii wag ahsorbed by the
snow cover and discharged with the run~off of the second storm.

4o, fhe First Storm - March 11-13, 1936, - The storm was an

extratropical cyclone which originated somewhat south of the usnal
origin of such storms and followed a path diverging southword and
engterly of customary routes. On the northern leg of its journey,

it probably marked the edge of a tropical air mass. While the southern



storm was moving toward ¥Wew Englond along the Atlantic Coast, an-~
other storm generated in the region of the southern Rocky Mountains
and moved acrcss the continent to Ontario, Canada., The two storms
hegan 0 coazlesce on March 12 with & decrease in barometric pressure.
The union was completed on the 13th, with a drop in pressurs to 28.90.
This drop in pressure undoubtedly contributed much to the movement of
warm moisture~laden air over New England, The Blue Hill Metecrolog-~
ical Observatory reportoed (Monthly Weather Review, March, 1936) that
a tropical air mass from the Atlantic was being underrun by a contin-
ental air mass., By March 13 the tropicel air ﬁud been replaced by
cold continental air., The presencs of the warm troplesl air ac-
counts for the abnormally high temperatures and its wunderrun by

the cold air was the eauge of the heavy precipitation.

41.. The Second Storm = March 17~19, 1936. - This storm was

first observed east of the Rocky Mountains in the region from Colo-~
rado to Montana. After remaining there two days, it moved southward
to Téxas and thence northeastward to New England. Aftoer March 15,
thig "low! wag closely followod from the west by 2 "high" which ex-
tended from the Gulf of Mexico to north-central Cansda. Another
stationary 'high" remained over the Canadian Maritime Provinces

and Wewfoundland during the time that the "low" moved along its
course. The existence and course of the "low" do not tell the en~
tire story of the causes of the heavy rainfall in the New England
arca. Rain began on March 16 when the "low" was moving toward the
Carolinas and continued while the "lowY moved only from there %o
Virginia. The maximum rainfall in New Hampshire cccurred on March
18, while the storm moved from Virginia to New England. The novement
of the area ¢f depressed barometric pressure does not account wholly
for the early rain in New England. However, this "low!" and the gen-

eral trend of the isobars suggest very strongly that a movement of an
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air mass from the (Gulf and West Indies iegions to New England occurred

vhile the "low" was traveling northward.

This movement would amply

acconunt for sll rainfall and other circumstances of precipitation.

42, Precipitation of the Storms of March, 1936. ~ The heaviest

precipitation occurred in the White Mountains, New Hampshire, in the

hendwaters.

coggin Besin is given in the following tabulation for the period

March 10-20%

The amount of daily precipitation in and near the Andros-

TABLE 11. PRECIPITATION - MARCH 10-20, 1936

Total
Station Precipitation on each day - in inches for 11

10111 1l 3131 141351 16| 171 18! 19 | 20 | days
Berlin, ¥.H. v211.02/1.68|1.02].02] 7| .09 ].89] .52({2.20 |.42 7.06
Errol, W.H. 08| ~{1.24] .37].08; ~| .66l.70] .81 i =] 3.9%
Farmington,Me. | 15| T{3.53] .68] = «| .71!.24| .36{2.27 |.06| 8.00
Lewiston, Me. | +17{.13|3.07| .37 ~| =| .02{.10} .65[1.60 - 6,11
Middle Dam,Me. -1 ={1.96] .52/.08] ~{ .56[.62]2.3011.60 -1 7.64
Milan, N.H. ~1e0U[1.03] 391 ~| =] J58[.82| .74 .63 -] k.23
W.Bridgton,ie. | «20 | 14 3.78] 43| =] =] .35{.14] .72]2.85 | .08 8.69
Portland, Me. | «12}.25(1.23| 24| - 7{ .031.03| .22] .73 | =| 2.85
Rumford, Me. =381 5.071 39| T| = «+81}.26 1;60 1.29 | 451 10.25
Upper Dam,ie. “i = 2,10 =] =] =[l.27| -|1.18{1.19 - BeTl

43, Procedure for Selsction of Degign Floods. -

The general

procedure for the determination of the meteorolegical and hydrological

conditions upon which to base design floods was as follows:!

First, the selection of basic meteorological conditions; Second,

the determination of appropriate watershed conditiong, including the

run-off-rainfaell ratic and amount of snow run-off to be expected,

third, construction of plan or design floods.

and

44, General Flood Conditionsg for Wnich Protection is Reguired, =~

Congideration of the records of past floods in the Androscoggin and




other New England basing led to the conclusion that the plan flood
for which flood protection is required in this basin should be sim-
ilar to the March, 1936 flood both in magnitude and in manner of oc-
currence. The March, 1936 flpod was the greatest on record and was
general throughout the basin. It is realized that greater floods
may occur and the possibility of such occurrence was provided for

in the design of all gtructures and in determining the height of
local flood protection works such as levees or river walls. The
March, 1936 flood, therefore, was used ag the plan flood for res-
ervoir control and a resorvoir system wag scught which would give
the greatest degree of control of this flood possible within economic
limits, Iocal flood protection possibilitiecs were designed to pro-
vide for the March, 1936 flood plus adequate freeboard for possible
larger floods.

45. Degign Floods for Reservoir and Qutlet Cepncitieg. = The

design floods for reservoir and outlot capacity were based on meteo~
relogical conditions of rensonable frequency rather than the extreme
conditions of rare froquency in order that maximum efficiency of
reservoir control would be obtained for floods of most frequent
occurrence. Accordingly, outlet design floods were constructed for
cach reservoir gtudicd baged on a three~day storm of 100-year fro-
quency plus a prior, ground-saturating storm of 4.5 inches in three

- days. Tho construction of the design floode and their use in the
deternination of reservoir and outlet capacity are discussed in
Section V.

%6. Spillway Design Floods. ~ The spillway design floods weore

based on an ostimate of tho most unfavorable metcorolozical and
ground conditions probable regardless of the frequency of such con-
ditions. A study for the purpose of determining probadle future max-

imam emounts of precipitation for use principally as a criterion for
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the safe design of spillways was conducted by the U. 8. Weather Bu-
reau in cooperation with the Corps of Engineers, U, S. Army, for the
nearby Merrimack River Basin, The results of this study were uged as
a guide in the selection of the basic amcunts of precipitation and
allowance for melting snow in the Androscoggin Basin and a factor of
gafetyof 50% on both rain and show was added. The actual construction
of the spillway design floods on this basis is descrived in Section V.
47, Reinfsll-Run-off Relations. - The amount and manner of the
run-off into stream flow which will result from rainfall is dependent
upon topographic, geological and other physical features of the water~
shed, including degree of saturation, frost, snow and ice conditions,
infiltration, transpiration and evaporation. Accurate evaluation of
the separate factors affecting run-off ig impracticable, if not im-
possible. However, the sum of the effects of the factors igs eliminated
from the total rainfall and the residue in terms of run-off determined
by comparing the observed run-off which may be definitely identified
with specific amounts of obgerved rainfall, This procedure, known as
the unit-grapn method, is described in U.S,G.S5. Water Supply Paper No.
772, "Studies of Relations of Rainfall snd Run-off in the United
States" and in other publications listed in that paper. Briefly, the
procedure followed in utiliging the unit-graph method was to examine
the precipitation records for storms which had durations of 24 hours
or less and which were followed by several days of little or no pre-
cipitation. From examination of the run-off records for the periods
immediately following the rains, those one-day storms were singled out
which produced appreciable peaks in stream discharge. A unit hydro-
graph, which is the hydrograph of surface run—~off produced by a rain
of unit duration, was then derived for each storm by subtracting
from the stream discharge the amounts estimated to be run~off from

previous or succeeding storms or from ground water., A distribu~
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tion graph for each storm was derived by plotting as ordinates the

percentages which succeeding daily discharges are of the totsl dig~

charge against dsys as abscissas.

Mean distrivution curves for

watershed areas above gaging stations were then constructed from

the superimposed graphs of the storme in each area,

Table 12 gives

the daily percentages of run-~off from one-day storms teken from

the mean distribution graphs.

TABLE 12.

DAILY DISTRIBUTION FACTORS

% of Total Unit Storm Run~off Occurring on

Succesgive Days att
Order | Androscoggin | Androscoggin Little Swift River
of days River at River at Androseoggin at
Rumford Auburn River at §.Paris Roxbury.
1 15.9 9.1 21.7 15.3
2 b2.6 29.1 45,2 us,7
3 20.5 27.3 1%5.7 20.4
Y 9.6 15.1 7.9 9.0
5 5.6 8.3 5.0 k.9
6 3.2 5.1 3.0 2.8
7 1.9 3.2 1.4 1.5
g 0.7 1.9 0.1 0.4
9 0.8
10 g.1

U8, Frequency Studies. = Although flood control works must

be designed to be gafe under the most extreme conditions possible

regardless of their probable. frequency, it is, neveortheless, ne-

cessary to determine, as accurately as possible with the informa-~

tion available, the probable fregqueney of occurrence of the vari-

ous magnitudes of precipitation and stream flow for use in other

Phages of the flood control study as follows:

(a) Teonomic analysis of flood protective works.

{b) Desiegn floods for reservoir capacity and operation.

(c) Analysis of the relative requirements for flood
control in various seasons of the year.
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The accuracy of any frequency computation is dependent, primarily,

on the record of events.

Since precipitation and stream-flow

records are, in most cases, only & short and not necessarily a

truly representative sample of the full record, the frequencies

computed from short records should be used with caution. However,

where records of reasonable length are available and accurate moth-

ods of frequency computation are used, the results aro useful, par- '

ticularly for determining relative rather than quantitative condi-

tions.

In the studies for this report, the design floods for reser-

voir and outlet capacities were constructed by the unit-graph meth-

od from rainfall based on the computed precipitation frequenciles.

For the economic annlysis of flood protective works, computed dis-

charge frequencics woere obtained for the control points at sach

of the damage reanches.

illustrated in the fellowing tabulations.

Once

Qunce

Onece i

Once
Once

Once

Once
Onece
Once
Once

Onee

in

in

in

in

in

in

in

in

in

in

The regults of the freguency studies are

EXFECTED FREQUENCY OF RAINFALL
Rumford, Me.

1 year
10 years
25 years
B0 years
75 years

100 years

2.0 inches
3.8 incheg
4.8 inches
K.5 inches
5.9 inchos

6.3 inches

or

or

or

or

or

or

more

more

more

morsg

more

more

Berlin—Bethlehem. N.H.

1.7 inches or more
7.2 inches or mere
1.1 inches or more
U4.& inches or more
he2 inches or more

5.6 inchcs or more

EXPECTED DISCHARGE AT KUMFORD, MAINE

Period
1 year
10 yenrs
50 yoars
15 years

100 years

2u-Hour Discharze in e.f.s.

20,000
38,000
5k, 000
59,000

62,000

VYery rare flcods with peak discharges approaching 90,000 cubic feet

per second may also occur. The foregoing figures are for 24-hour dis-

charges. Frequency curves based on instantaneous pesk flows are shown

on Figures 31, 33, 35 and 37.
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IV, _ FLOOD DAMAGES

49, Information Available. - There are no records available

of the damages caused by floods in the Androscoggin Basin prior to
the flood of Morch, 1936. According to information published by
the U. 8. Geological Survey in Water Supply Paper 798, damages,
egpecially tb mills and bridges, were suffered in 1785, 1814, 1820,
1826, 1827, 1846, 1869, 1895 and 1896. No estimates of the amount
of damage are obtainable for these early floods. Complete statis~
ticg are avallable, however, of the damages caunged by the flood of
March, 1936, High-water stages excecded all those previously
recorded in practically every section of the basin and flood
damages worae suffered throughout the valley geherally. The data
on logses caunged by thisg flood, therefore, are most useful for

the purpose of economic analysis of flood protection works.

0. Survey of Flood Domages, March, 1936. -~ An cstimate of the

flood losees, both direct and indirect, coused by the flood of March,
1936, in the Androscoggin Basin was obtained immediateiy following
the flood by means of a thorough canvass of individual sufferers
throughout the basin. The losses were ostimated at the site of the
damnge and, where possidle, in direet conference with the person or
persons best qualified to meke the estimate. In addition to the esti-
nate ef the total loss at each specific location, the increment of
logs attributable to solected intervals of stage was also estimated
at the site. These figures for damages by increments of stage were
then summarized by separnte roaches of the river and the incromental
damages referred directly to the stage at a definite control point
in each reach. The eclewations for referring the damages to the
control points were obtained by means of a high-water-profile survey
which was conducted simultaneously with the damnge survey.

hle Direct Damages. ~ The estimate of the dirsct losses in-

ecluded all items of physical damsge to property such as buildings,
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egquipment, supplies, manufactured goods and records and all direct
expense necessitated by the flood emergency. In the compilation the
damage figures were grouped into the following classes!
Industrial. - manufacturing establishments.
Commercial. -~ trading establishments, wholesale and
retail stores and warehouses, banks and

professional offices.

Parm and Rural. - agricultural land and forests.

Utilitieg., - electric power, gns, sewage disposal'plants,
waterworks, telephone and telegraph.

Railways. - steam lines, interurban electric lines and
bridges.

Highwayse = highweys and streets.

Highway Bridees.

Regidential. -~ grounds, buildings, cquipment, personal
property, furniture and furnishings.

Federal, Statoc and Municipal. - damage to property of
these agencies and cost of emergency rolief furnighed
by them.

52+ Indirect Damogesz. - Wherever possible on estimste of in~

direct losses was obtained from all individuals and agencies report-
ing direct damage. The indireet losses consisted principallj of loss .
of business eaused by the cessation of productive industry or commerce;
Algo reported were such items as increased cost of utility service
during thoe time of flood and the adlditionsl hanlagzo costs necessitated
by re-routing of trains around inmmndated areas. A thorough analysis
was made of the reported figures for direct and indirect losses in
order to determine possible omissione of indirect logses. Whenever
flood conditions exist over a large area there are mony indirect losses
attributadle to the flood on which information ig virtually uncollect-
ivle by any ordinary census. The flood damage survey revealed seversl
possible items of this type of losgs for which no complete statistics
could be gathered. They included business losses to firms outside

the actual flooded area, increased transportation costs on highways
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because of detours, the deprecintion of wvalue of totally or partial-
1y undoveloped property because of its liebility to flooding and many
intengibile items of loas throughout the flooded area and adjacent
territory resulting from the disruption of routine affairgs. A fow
examples of the foregoing types of loss were actually reported. A
study was nade for the purpose of ostimating the amcunt which should
be added to the reported damages for these intangible or wncollectible
losses. It is believed that an allowance for the unreported indirsct
losses may be conservatively estimnted as about equal to the indirect
losses actually reported. Accordingly, an amcunt equel to the actual
iﬁdirect losses reported was added to the reported figures to form

a basisg for computation of the annual wvolue of the complete elinminae-
tion of flood damage. OF the total damages of $4,392,000 in the
Androscoggin Basin, $4,232,000, or 96% wers in the State of Maine and
the remainder, only 4%, in New Hampéhire.; The direct and indirect
damages suffeored in the Androscoggin River Basin in the March, 1936

flood are shown in Table 13 below.

TABLE 13, FLOOD DAMAGES - AWDROSCOGGIN RIVER BASIN - MARCH, 1936

Class Indirect Direct Total
Industrial $ 634,500 $ '867,000 $ 1,501,500
Gommercial s'}i.l, 200 302,200 | . 389,400
Farm and Rural 900 232,600 233,500
Residential 2,600 319,600 322,200
Reilroads* 86,800 290,900 377,700
Highwayg* 550,300 550,3C0
Utilitios 6,000 149, 200 155,200
Public Funds (Municipal) 4l 200 Uk, 200
Total Reported $ 818,000 $‘ 2,756,000 $ 3,574,000
Estimated Unreported $ _&18,000 - $ 818,000
Grand Total | $.1,636,000 18 2,756,000 | $ 4,392,000

¥Includes bridges
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5%« Computation of Annuasl Flood Loss. ~ As described in para—

graph 50, the amounts of damage at selected increments of stage up

to the maximum were determined during the field survey. On the bagis
of the existing value of the developments in the basin subject to flood
damage, the amount of dsmage which would be caused by a flood of any
mognitude up to that of March, 1936, can be computed. This was done

by summarizing for each reach the total damege at each gelected stage
referred to a definite control point (also designated as the damage
center) for the reach and plotting a curve of the stage-domage re~
lation. By means of a rating curve for the control point, a second
curve was plotted giving the discharge~damage relation. The discharge-
damage curves for the four reaches used on the Androscoggin River are
ghown on Figures 32, 34, 36 and 38, The expected frequency at cach
gtage of discharge was computed from exigbting records at all control
pointg where such records were available. The frequency curve for

the reacheg are shown on Figures 31, 33, 35 and 37. Taking the amount
of damsge for selected increments of discharge equal to about one foot
in stage =2t the convrol point, a curve was plotted giving the damage-
frequency relation for a 250-year period. These curves for the various
reaches are also shown on Figures 32, 34, 36 and 38.

S4. Anmusl Velue of Complete Elimination of Flood Damage. ~

The procedure outlined in the foregoing parsgraph was followed in
computing the annual flood damegs in each remch of the river. The
sblﬁtion was Gerived both mathematically and graphically and the re—
sﬁlts were found to be well within the limits of accuracy for data
u;ed; The stage-damage curve, the frequency curve and the danage-
frequency relation for cach princival reach are shown on Figures

31 to 38. Tho summary of the totel snmual flcod losses for each
prineipal reach is given in Table 1ld. These totals represent the
annual value of the complete elimination of flood damages in the
reacﬁes congiderad.



TABLE 14, COMPUTED ANNUAL FLOOD LOSSES
Computed Ratio of | Computed| Total %
annuel losses | indirect | annmual |[average | of
Damage Center (direct only) | to direct| indirect| annual |grand
losses logses | losses |fotal
Lisbon Falls $ 74,700 0.480 $ 35,900| $110, 600 24k
Auburn 30, 400 0.702 21,300 51,700{ 1i.h4
Livermore Falls 79,600 0.522 41,600} 121,200 | 26.7
Rumford 87,300 0.946 82,600! 169,900 37.5
Total $272,000 0.667 | $181,400( $L53,400 | 100.0
55. Summary of Flood Damsge Factors. - In general, the area

subject to flooding in this basin is not large, but o large amount

of industrial property is subject to damage during extreme floods.

Many of the industries of this region, consisting primarily of

textile, boot and shoe, and pulp and paper mills, are locnted im=

mediately adjacent to the normal river channel.

Similarly, the

commercial sections of several communities are located near the

waterfront.

These developments, together with power plants and

bridges, are subject to appreclable logses within a comparatively

small extent of flooded area.

only by the more extreme floods.

They are seriocusly affected, however,

The amount of agricultural land

flooded may be extensive for the extreme stages but the damage is

moderate because the floods usually occur in the spring before crops

have been planted.

With the exception of bridges which, in many

cases, have been rebuilt at higher elevations, most of the develop-

ments are subject to recurring damage.

In general, the benefits of

adequate flood control measures would be confined to the value of

the elinination of flood damage to existing developments and would

have littlo effect on inereasing the value and productivity of the

arco subject to flooding,
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Y. DEVELOPMENT OF A FLOOD CONTAOL PLAW

$6. Pogsibdle Methods of Control. ~ The more important and

most generally applicable methods of flood control or protection
against flooding are, (1) control by reservoirs, (2) protection by
levees or river walls, (3) lowering of flood stages by channel im-
provement or rectification and (M) diversion of flood flows into
auxiliary channels. The ﬁoséibilities of using each method as the
prineipal means of Pproviding flood protection in the Androscoggin
Basin are discussed in followling paragraphs. Consideration hosg also
been given to combinations of these methods. The results of the
gtudies are discussed in the following order:

{(a) Reservoir control.

(b) Levees and river walls.

(¢) Channel improvements.

(d) Diversion of flood flows.

57. Reservoir Control. = Flood protection by memns of an ade-

quate and properiy located system of reservoirs has the advantage of
controlling floods at their source and thus protecting, in varying
degrecs, all downstream points. The degree of protection afforded
any point diminighes as its distance from the reservoir increases.
Thereforse, reservoirs located immediately upstream of the principal
damnge centors are desirable. The degrcoe of contrel is also depen=-
dent on the amount of run-off which is stored or delayed and thus
kept from adding to the peak of the flood. The studies of both the
Miami and tho Muskingum Conservency Districts revealed that a given
amount of storage is more effective when contained in o few large
reservoirs than in a greater number of smell reserveirs. HNormally,

the most dosirable reservoir system is one of a few large roservoirs
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controlling large drsinage areas and located as close to the princi-
pal damage centers as possible. The reservoirs in a system should
be well distributed geographically so as to provide protection from
storms centering over any tribvutary.

B8. ZProcedure for the Study of Regervoir Control. - Investiga-

tion of the possibilities of reservoir control in the Androscoggin
Basin was undertsken in two stages: (1) preliminary investigation of
25 prospective reservoir sites, and (2) detailed study of the feur
roservoirs offering the most favorable possibilities. The reservoirs
were grouped by tributaries for the process of selimination. Individual
reservoir capacities were sought which would be equivalent to about
five to seven inches of run~off from the drainage area above, this
range of capacity having been determined as sufficient, with a proper
distribution of reservoirs, to control the March, 1936 flood without
exceeding safe channel capacity.

h%. Firet Stage of Reservoir Selection. - Preliminary csti-

mates of cost and reservelr cepacity werse made of 25 gites in the
Androscogein Basin capsble of controlling the March, 1936 flood and
having dreinnge areas in excess of 10 square miles. The estimates
were based on data obtained from the U. 8. Geological Survey topom-
graphic quedrangle maps ond by field reconnaissance. The loecation
of the sites investigated is shown on Figure 1l. The main stream
above Errol ig controlled by the conservation storage in Umbagog,
Aziscohos, Kennebago, Rangeley, Mooselookmesuntic and Richardason
Lakes which are regularly drawn down during the winter months in
anticipation of the spring run-off, With such storage, controlling
a drainage basin of approximately 1100 square miles, operative, fur-
ther control in this area was deemed unnecessary. Similar conditiong
prevail on the Dead River, where Androscoggin Lake and 5 series of

ponds develop a considerable amount of storage. It was found that
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reservoir control on the Swift River would entail high dasmage and
construction costs, factors which eliminated the sites on thig trib-
utary. The reserveirs finally selected as most desirable were Rume
ford on the main stream, Dixfield on the Webd River, Buckfield on
the Neginscot River, and Oxford on the Little Androscoggin River.
These four rescrvoirs, therefore, were selected for more detailed
study and analysis of costs and flood control benefits.

60. Second Stagze of Roservoir Selcetion. — The four reservoirs

- selected for detniled study were investigated as follows:

(a) Topographic survey of the reservoir srea.

(b) Property appraisal survey.

(e) Topographic survey of the dem site.

(4) Geological reconnsissnce of the dam site.

(¢) Preliminary design of structures, including
rigid analyses of spillwoy and ocutlet conditions.

(£) Dotailed estimato of costs. ‘

(g) Determination of flood=reduction effocts.

(n) Anslysis of costs and benefits singly and in
combination,

- Topographic and layout data are shown on Figures 12 to 1h. The
general vProcedure and resulis of the various phosesg of the detailed
study are summarized in the following paragraphs.

6l. Type of Reservoirs Selected. — Consideration was given to

the vgo of two tywes of flood control reservoirs, namely, the re-
terding type which operates automatically according to a Predetermined
Plan, snd the storage cr detontion type which con be operated for

ratc of discharge to fit the requirements of different flood condi-
tiongs. It was docided to adopd a type of reservoirs combining the
advantages of both. Accordingly, the regcrveirs were designed with
gates to permit flexibility of operation for varying flood conditlons
and with outlet capacity such that the reservoirs would act as re-
tarding vasing if the ganteg were 1eft.open.

62, Outlet Design Floods. = As stated in parsgraph 45, Section

I1L, the outlet design flcods were based on a three-day storm of 100~

year frequency plus a prior, ground-saturating storm of 4.5 inches
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in three days. The data for the outlet design floods for all reser-
voirs is summariged in Table 15, The procedure, for Rumford Reser-
voir, for example, was to tske the computed one-day precipitation

of 100~year frequency, 6.0 inches, as the amount of precipitation

for the second, or peak, day of a three-day main storm. Applying

the ratio of three-day to one~day storms* gives 6.0 times 1.39,

or 8.3 inches as the total precipitation for the main storm, This
figure ig a pesk va;ue for the center of a storm and should be re-
duced to an average for the watershed over which it is to occur.

For the net drainage arca of 965 square miles above Rumford Reservoir
this reduction was determined to be 9%, leaving 7.6 inches as the
average over the area. To this was added a prior storm of 4.5 inches,
ineluded to insure saturation of the watershed. The total precipita-
tion, 12.1 inches, was reduced by a run-off factor of '90% to~10.85
inches. This volume of run-off was converted into a flood hydrograph
by the unit~graph method, applying distribution foctors to the selected
rainfall for each day of the stomm (see paragraph 47, Section III).
The construction of the hydrograph for the Pumford Reservoir is il-
lustrated in Table 16. Hydrographs for all reservoirs are shown

on Figures 16 to 19,

*This vatio, 1.39 for storms of 100~year frequency, was derived
from a general study of computed frequency embracing several New
England River basins. The area~reduction factor descrided in the
following sentence was also determined in the gemeral study.
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TABLE 15, QUTLET DESIGN FLOQDS

(1) Reservoir Rumford |Dixfield | Buckfield| Oxford
Androg- Little
(2) Watershed cogain Webb Nezinscot | Andros-
coggin
{(3) Drainage area *965 125 156 231
(4) One-day precipitation of
100~year frequency (inches) 6.0 6.0 6.0 6.0
(5) Three~day precipitation 8.3 8.3 8.3 8.3
(1.39 times item (4))
(inches)
(6) Area reduction factor (%) 9 2 2 2
(7) Main three-day storm re- 7.6 8.2 8.2 8.2
duced for area (inches)
(8) Prior three-day storm 4,5 L.5 4,5 4.5
(inches)
(9) Total precipitation 12.1 12.7 12.7 12.7
{inches)
(10) Total run~off (90% of item | 10.85 11.45 11.45 11.4%
(9)) (inches)
(11) Total run—off volume 281,560 38, 480 48,030 71,120
(d.o S-f.) .
(12) Total run~off plus base 313,560 Lo, 080 50, 280 75,620
flow (d.s.f.) : .
(13) 1tem (12) expressed as 12.08 11.92 11.99 12.17
inches of depth over
waterghed
(14) Pesk flow in c.f.s. 76,200 8,000 13,200 14,800
(15} Peak flow in c.f.s. per 79.0 64,0 84,6 g1
square mile
(16) Duration of flood in 16 16 15 18

days

*Net drainage area after deducting 1095 square miles controlled
by Rengeley system of lakes.

-
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TABLE 16.

COMPUTATION OF

OUTLIT DESIGH FLOCD HYDROGRAPH FOR RUMPORD RGSTRVOIR

R 3 N 5 & 7 i 8 9 { 10 I 11§ 12 13 14 .
Daily Distri- jjOrder [Precipitation jRun-off,| Total Total BRun-off |Total Run-off
bubion Factors of of 9C% of |Run~off Run-off for Succeeding Days from: on Succesding| Plus Base

|  Per Days | Plan Storm [Rainfall] from Days. from En~-{ Flow of

Day Cent Run- Plan 1st day'si2nd day's | 3rd dey's{ith day'si8th days {9th day's|. tire Stom | 2,000 c.f,s.

Run- off Storm rain rain rain rain rain rain
off (inches}{ (d.f.s.) |(d.e.£.) i{d.s.f.) 1(d.s.f.) {{d.s.f.) Hd.s.f.) Hd.s.£.) (des.f.) {d.g.f.)
1 10.0C 1 1.5 1.35 35,030 3,500 3,500 5,500
2 2.0 2 1.5 1.35 35,030 | 14,720 3,500 18,220 20,220
3 24,0 3 1.5 1.35 | 35,03C 8,410 1,720 3,500 26,630 28,630
b 12,0 4 0 0 ) 4,200 8,410 14,72¢ 27,330 29,330
5 6.0 5 0 0 0 2,100 4 2c0 2,410 14,710 16,710
6 3.0 & 0 C 0 1,050 2,100 4,200 7,356 9,350
7 2,0 7 0.8 5.70 | 18,17¢ 700 1,050 2,100 | 1,820 5,670 7,570
8 1.0 8 6.0 5.40 | 140,13¢ 350 700 1,050 7,63C | 14,010 23,740 25,74c
g 0.8 0.70 18,17C 350 75 4,30C | 58,860 1,82C 65,090 68,090
o 350 2,18C | 33,630 | 7,630 43,790 45,790
11 1,090 | 16,820 4,360 22,270 214,270
12 550 2,410 | 2,180 11,140 13,140
13 360 4,206 1,09¢ 5,650 1,656
14 1gc 2,800 55C 5,530 5.530
15 1,400 36C 1,76C 3,76C
16 18C 18C 2,18G
Totals 1e1 _1-10.85 {281,560 | 35,03C | 35,C3C | 35,03C | 18,17G 0M4C,13¢ | 18,170 | 281,56 313,500




63. Determination of Reservoir and Qutlet Capacities. = The

storage capacity of the reservoir and the discharge capacity of the
outlets were designed so that the outlet design flood would, with

the outlets open, fill the reservoir to the gpiliway 1lip. The

first step in the determination of the capacities was to make an
approximation as to the size of the outlets based on the safe chan-
nel capacity downstream from the rescrvoir. Then, by computing the
elevation to which the reservoir would be filled with the agsumed
outlet discharge and with outlet discharges larger and smaller than
this value, a curve was drawn showing the relation betweon water-
surface elevation (or storage capacity) and outlet discharge. The
Proper reservoir and outlet capacities were then gelected. 1In this
study reserveoir capacities were selected, whenevgr vossible, equiv~
alent to from five %o seven inches of run-off and cutlet discharges
wore kepl within the limits of gafe channel capacity downstream.

In general, it was considered advisable to provide additional gate-
controlled outlet capacity for all reservoirs, duplicating the amount
required for operation as fetarding reservoirs. This provision has
been made in order to facilitate passage of floods during the con=
struction periocd, to permit more rapid emptying of reservoirs after
fiood danger at downstream points has passed, to provide for a larger
range of flexibility in future river regulstion and to insure against
inability of the reservoir to act zg designed should certain outlets
be partially blocked or rendered inoperative prior to a flood.

6. Gotes. - Although retarding basin operation is feasible
for all reservoirs as designed, the installation of gates ig pro~
posed in order to provide for additionél flood control regulation
above that obtainable solely as retarding reservoirs. In addition,
this provision will meke possible the operation of the reservoirs

after the normal flood season for the purpose of augmenting low-water
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flows, if such operation is found feasible and is authorized.

65. Spillway Desisn Floods. -~ As outlined in paragraph U6,

Section III, the spillway design flcods wers based on a study for

the nearby Merrimack Basin, of the most unfavorable meteorological
and ground conditions probable. The procedure, using Rumford Reser-
voir as an example, was to use as 2 maximum spring storm & wvalue of
10 inches in six days. This amount is slightly greater than that
determined in the aforementioned study for the northern sub-water—
sheds of moderate size in the Merrimack Basin. In order to provide
the worst possidle conditions, a run-off factor of 100% was assumed.
To the total run-off of 10.00 inches there were added six days of snow
run—-off at the rate of 1.2 ihches per day, or a total for gix days of
7.2 inches. The total run—cff thug estimated as the worst probable
was thon increased by 50% in accordance with the departmental policy
of designing spillways capable of passing safely 50% in excess of

the estimated worst probabdle flows (R. & H. Wo. 39, 1936). The total
run-off of 25.80 inches was converted inko a flood hydrograph by

the unit—graph method using the same distribution factors as for

the outlet design flood described in paragraph 62. If the design
flood hydrograph showed a pesak discharge value less than the product
of 4,000 and the square root of the drainage area (Q = 4,000 ~\rf:177,
the hydrograph was revised to obtain & peak flow of this walue, but
the total volume of run-off from the storm was not changed. The

@nata for the spillway design floods for all reservoirs studied are
sumparized in Table 17. The construction of the hydrograph for the

Rumford Reservoir is illustrated in Table 18,



TABLE 17 .

SPILLWAY DESIGN FLOODS

(1) Reservoir Rumford |Dixfield | Buckfield {Oxford
Androg- Little
(2) Watershed coggin Webb | Nezinscot [Andros-
coggin
(3) Drainage area (sq.mi.) *965h 125 156 231
() Precipitation for max- 10.00 10.00 10.00 10.00
imum spring storm of 6
days (inches)
(%) Total snow melt 7.20 7.20 7.20 7.20
(inches)
(6) Run-off (inches) 100%af- | 17.20 17.20 17.20 17.20
items (4) and (5)
(7) Total run—off (inches) 25,80 25,80 25.80 | 25,80
item (6) plus 50%
factor of safety
(8) Total run~off (d.s.f.) [669,u460 86,670 | 108,232 160,160
(9) Total run—off Mlus
base flow (d.s.f.) 682, 460 8%,295 | 110,150 {163,610
(10) 1Item (9) in inches 26430 26.27 26.26 | 26.34
depth over watershed
(11) Instantancous peak 180,000 uh, 720 149,960 | 60,790
flow (cefese)
(12) vValue of ¢ in formula 5, 794 4,000 4,000 4,000
Q= c‘\lD.A.
(13) Instantancous peak flow 187 358 320 263
in c.f.s. per square )
mile
(14) Duration of flood in 13 13 12 15
days

*Net drainage aren after deducting 1095 sguarc miles controlled
by Rangeloy-system of lakes.
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TABLE 18,

COMPUTATICH CF SPILLWAY DBSI

\...\.

S i s i)

FLOOD HYDROGE:

._7 pod
A

il

CR RUMFCRD RIESIEVCIR

“O§~

1 i 2 ot 215 ] 6 1 8 19 N ___1_;__ _bo1y ¥ e T 13 Ty 15_ .16
Daily Distri- ‘raer Run~off | Total 1 zun-off for Succeeding Days from: Total Total Run~
bution Factors of from [zun-off st day's2a asy's 3d day's{liith day's;5th doy's|oth day's|Run-off on |off Plus a
Fer Days {Rainfall {Snow | Rain Includ- | Total J Rain Rain Rain Rain | Rain Rain !Succeeding Base Flow
Tay Cent Run- Melt and ing 5% | Run~off E and . and and and. and and Days from of 1,I0C
Run- off {in- Snow Increase t Snow Snow Snow Snow Snow Snow {Rain & Snow| d.s.f.
off {inches) |ches) |(inches) j{inches) (d.s.f.);{d. s.f.) |(d.s.£.)l(ds.£) {d.s.f.) I(d.s.f.) [{d.s.£08 (d.s.f.) [(d.s.f.)
1 1C.C 1 G.35 [1.2C 1.55 2.33] 60,46C ) 6,05C 6,05¢ 7,550
2 42.¢ 2 o.u5 11.2¢ 1.05 2.471 64,09C § 25,39¢ b,M1¢ 31,8C0 32,8CC
3 4, G 3 1.1 {1.2¢ 2.3¢ 3.450 89,52¢ M 1k,510 | 26,92¢ | 8,950 5,380 51,38C
I 12.¢ b 2.0C {1.20 %.2C 4.8C|124,55C ) 7,26C | 15,380 37,000 | 12,460 72,700 73,70C
5 6.C 5 5.5C |X.2¢ 6370 10.C5| 26C,78C Y 3,630 7,590 i 21,48C | 52,310 25,080 111,19¢ {112,19¢C
6 3.C ) £,6C |1.2C 1.8C 2.7¢1 70,0604 1,81¢C 3,850 lv,?ﬂb 29,892 |1€9,53C 7,015 162, ,83C 103 830
7 2.0 7 : b 1,210 | 1,920 | 5,370 | 14,950 | 62,530 | 290430 | 115.47C 116,70
8 1.0 g | 500 1,28C | 2,69C | 7,47¢ 31,29C | 16,81C 6C,140 61, 1uc
9 g 1,79C 3,74 15,65C s,ulc 33,230 31, 23J
¢ QU 2,490 7,82C h,200 15,410 16 ulc
11 1,240 5,210 2,120 8,5h0 ,,55”
12 2,61G | 1 u 4,16 5,01C
13 7eu 720 1,700
Totals 1¢0C 1C.¢C |7.20 17.2¢ 25,801 669,40¢C || 60,46C | 64,09C | 89,520 {124,56¢C |26¢,78C | 70,000 669,46C | 682,460




66. Determination of Spillwey Capacities. - The general cri~

terion adopted for the design of spillways was that each spillway
should be able to pass safely 50% in excess of the estimated worst
probable flood {the spillway design flood) assuming all outlets
blocked and the water surface at the elevation of the spillway
crest at the beginning of the flood. The spillway crest clevation
was selected as deoscribed in paragraph 63 and o type of spillway
was chosen to fi\‘the thysical conditions at the dam site. The
discharge characteristics of the spillway were then determined by
routing the spillway desizn flood through the reservoir for several
assumed lengths of spillway; The maximum water surface elevations
attained were plotted againét the spillway lengths, thus giving a
relation between the heights of dam required for various lengths
of gpillway. Then, within the physical limits on length of gpill-
way imposed by conditions at the dam site, a length was selected
such that the cost of any increase or decrease in length of spill-
way would be balanced by the cost of the corresponding decrease

or increase in height of dam.

67. Provision of Freebqafd. ~ The amount of freeboard pro-
vided for earth dams and dikesawas determined in accordance with.
the provisions outlined in the departmental Engineer Bulletin No.
2, 1937. The frecboard provided is sufficient to allow for the
Tequirements of possible wave action in the reservoir at the maxi-
mum water surface as determined by the spillway design flood under
the conditions described in the preceding paragraph. The require-—
ments for wave action were based on Stevenson's formula for the
height of waves as shown in Table 19, following. The allowance
for ride-up of waves on the sloped surface of the dam was made by
meking the total freeboard required above the still-water level

equal to 1.4 times the total height of the wave from crest %o
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trough as computed by Stevenson's formula.

The data used in de-

termining frecboard requirements, together with the actual free-

board provided at each dam, ars listed in Table 19, following.

TABLE 19, FREEBOARD FOR EARTH DAMS
Freeboard!Maximun [Elev.
Maximum {Fetch | Wave | Required; Water of [Free=
Reservoir Fetech | "f" (Height for Surface| Top |board
ngm Wave in Res~| of
(sta- |(Wau~ Action*¥|ervoir | Dem {Provided
tute Itical (feet~ |(foot=
miles) imileg) [(feet)| (feet) IM.S.L.)|M.8.L.} (feet)
Rumford 2.8 2.4 | 3.59 5.0 670.0 675 5.0
Dixfield 6.0 5.2 | 4.b1 6.2 62,4 | 469 6.6
Buckfield 1.5 1.3 | 3.14 4. 357.7 363 Be3
Oxford 4.0 3.5 | 3.94 5.5 336.0 342 6.0

* By Stevenson's Formula, H =

% Frecboard = 1.4 H

68.

_ b
1.5 VYi4 (2.5 - V1)

Extent of Investigation of Reservoir Areas andéd Dam Sites. -

The field investigations of the four reservoirs zelected for detailed

study consisted of topographic surveys of the reservoir area and dam

site, a property appraisal survey, geological rcconnaissance, and de-

termination of the character of materials available for construciion.

Topograpnic surveys in the reservolr arcas were conducted to develop

contours at five-foot intervals, Pprincipally tc provide data for

accurate arsa-capacity curves.

These are shown, together with bopo-

grapnic details, on Figures 12 to 15. At the dam sites, contours

were developed at one or two-foot intervals.

Foundation and over-

burden conditions and the character of materials available for cone—

struction were determined by geological reconnaissance.

Suitable ma~

terials are available for concrete sggregates and for either hydraulic

placement or rolled-fill construction with rock shell.
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69. Bgtimated Costs of Reservoirs. - Estimates of the cost

of the reservoirs studied were based on the vreliminary designs
shown on Figures 12 to 15. Data for the estimates of cost of
lands and righte-of-way in the reservoir areas were obtained in
the topographic and property appraisal surveys. Descriptions and
details of the estimates of cost are given in Tables 20 to 27 fol-

lowing.
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TABLE 20,  RIUMFORD RESERVCIR
(See Pigure 12) |
Drainage Arsa: 965 square miles (net).
Capacity! 295,000 acre~feet; 5.7 inches run-off.
Reservoir Area: 15,200 acres at Spillway~Crest ®levation 655 ft. M.S.L.
Dam: Earth Maximum Height: 90 feet
Overall Length: 1US0 feet:. TLength of Spillway: 750 feet

Bedrock is not available under the dam or spillway. The dam
is of earth fill, 35 feet wide at the top (elevation 675
ft.) with side slopes of 1 on 3. The upstream face and toe
are of riprap. The spillway, located 12,000 feet northwest
of the dam, consists of a hollow concrete overflow section
750 feet long with earth-fill retaining sections U30 feet
long. Two 22-foot diameter outlet tunnele 1100 feot long

" pass through the hill on the south side of the dam., The
outlets are controlled by six & x 16-1/2 foot sliding

gates.
Land involved: 17,000 acres Railroads affected: 7 miles
Towns affected: Rumford Center, Highways affected: 33 miles

Hanover, Newzry,
Bethel, No. Bethel,
W. Bethel
Estimated First Cost (inclvding engincering, administration, super—

intendence and contingencieg)

Land and relocation cogts

Land and buildings $2, 235,000
Relocation railroads ' 837,000
Relocation highways, bridges, ete 2,430,000

Other relccations Y3z, 000

Total, land and relocation costs + « « v v o « .o $5,935,000

Construction costs

Dams and apyurtenances h,227,000
Total, all costs . . . . . . $11,162,000

Cost per acre~foot of storagze $37.84 Cost per square
mile of drainage
area $ 11,567
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TABLE 21,

COST ESTIMATE - RUMFORD RESERVOIR

I. CONSTRUCTION COSTS
(a) DAM, SPILLWAY & QUTLETS
Quantity Unit Cost Cost
Stream Diversiofnn .+ .« . lump sum $ £200,000
Dam Site Clzaring . . . . acres 150.00 9,000
Barth Excavation - Structures l 126,000 cubic yards .25 281, 500
Barth Excavation ~ Spillwsy 86,000 cubic yards <30 25, 800
Rock Excavation - Structures 175,000 cublc yards 2.00 350,000
Rock Excavation — Tunnels 49,500 cubic yards 8,00 396,000
Drilling & Grouting + + « » . 4,000 lincar feet 10,02 40,000
Cut~0ff ~ Steel Sheet Piling 54,800 square feet 1.25 68, 500
Concrete — Hollow Dem + « « o 18,100 cubic yards 20.00 362,000
Concrete =~ Oubtlels & Tunnels . 38,600 cubic yards  14.00 5lo, 000
Concrete — Mass o o o « » o 18,700 cubic yards 12.00 224, 400
Reinforcement o« « o « + + & 2,260 tons 120.00 271,200
Embankment - Barth fill . 980,000 cubic yards ) 450,000
Gates & Operating Devices . lump sum 160,000
Migcellaneous Steel . . + o & lump sum 20,000
Gate House Superstructure . . 84,000 cubic feet 80 67,200
Service Power Lines + « + + 6 miles 3,000.00 18,000
Service Roads  + = + + « « & lump sum 3,000
Operatorts Quarters . lump sun H,000
TOTAL - DaM, SPILLWAY & OUTLWTS $3,532,000
(b) RESERVOIR CLEARING . . . . lunp sum 340,000
SUB-TOTAL - CONSTRUCTION COSTS $3,872,000
(e) Eng'ring, Inspec., Overhead & Contingenciegs  37”% 1,355,000
TOTAL COWSTEUCTION COST $5, 227,000
II. DAMAGES . .

(a) Land to Blev. 665 . . . . 17,000 acres $ 45.00 ¢ 765,000
(b) Buildings to Elev. 655 .. lump sum ' 850,000
(¢) Cemetery Relocation . . . 1,740 graves 50.00 87,000
(d) Power Privileges Destroyed 1,000 H. P. 40,60 40,000
(e) Railroad Relccation . + . 7 miles 88,570.00 620,000
(£) Highway Rclocation .+ » . . 3% miles 54, 500 .00 1,800,000
(g) Telephone Line Relocation . Uo miles 4,000.00 160,000
{n) Telegraph Line Relocation . 7 miles 2,000 .00 14,000
(1) Power Line Relocation . . . 20 miles 3,000.00 60,000
SUB-TOTAL ~ DAMAGES $4,396,000
(3) Eng'ring, Appraisals, Overhend & Céntingencies 35% 1,5%9,000
TOTAL DAMAGZS $5, 935,000
TOTAL ESTIMATED FIRST COST $11,162,000
Estimated Cost Per Acre-Foot of Storage « « « « « « « .+ $ 37.84
Estimated Cost Per Square Mile of Drainage Arca . . . $ 11,567
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TABLE 22. DIXFIELD RESERVOIR

(See Figure 13)

Drainage Avean: 125 square miles

Capacity: 40,300 acre~feet; 6.0 inches run-off

Reservoir Area: 2,500 acres at Spillway-Crest Elevation 450 ft. M.S.L.

Dam:  Barth and Concrete Moximun Height: 60 ft.
Overall Length: 2140 feet. Length of Earth Section 1,880 ft.

Length of Concrete Section: 260 ft. (including spillway 200 f£%.
long)

Bedrock is not available at the dam site. The spillway
consists of & hollow conerste overflow section. The oub-
let structures, adjacent to the spillway, consist of four
conerete box outlets each 3 fH. 9 in. by 7 ft. controlled
by four vertieal sliding gates 3ft. 9 in, by 7 ft. The re—
taining section of the dam is of earth fill, 25 feet wide
at the top (elovation U69 feet) with side slopes of 1 on

2+ The upstrenn face is riprapped and a rock fill toe
rrovided downstrean.

Land inwvolweds 3,000 acres Railroads affected: none

Towns affected: Carthage Highways affected: 0;7 mile

Estimated First Cost (including engineering, administration, superinten-
dence and contingencies)

Land and ¥elocation costs

Land and buildings $151,000
Relocation highways, bridges, etc. 47,000
Other relocations 41,000

Total, land and relocation costs + « « + « « « « +» » % 239,000

Congtruction costs

Dams and appurtenances o | 659,000
Total, all coSts « « « « « o« oo $ 898,000
Cost per acre~foot of storage $22;28 Cost per square

mile of drainage
ares, $ 7,18kb
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TABLE 23, _ COST

ESTIMATE - DIXFIELD RESERVOIR

CONSTRUCTION COSTS
(a) DAM, SPILLWAY & QUTLZTS

..5?-*

Quantity Unit Cost Cost

Stream Diversion « e « o + « o o lump sum  $ $ 15,000

Dam Site Clearing .« « . . . 7 acres 1h0.00 1,080
Farth Excavation - Structures) .

d . 2,000

Barth Excavation - Spillway ) 64,000 cudic yards 0 52,00
Cut-0ff —~ Steel Sheet Piling . . 15,000 eguare feet 1.7H 26, 250
Conerete — Hollow Dam o .+ 4 « 2,700 cudbic yards 20.00 54,000
Conerete - Outlets « o o + o . 6,000 cubic yards 20.00 120,000
Reinforcement .« + « o o « » 350 tons 120.00 42,000
Fnbankment - Barth i1l . . . 106,000 cubic yards .60 63,600
Gates & Operating Devices . . Iump sun 2h,000
Miscellaneous Steel .« + ¢« . . . Tump sum &, 600
Gate House Superstructure . 19,000 cubic feet 1.50 28,500
Service Power Lines .« « + « « » lump sum 4,000
Service Roads o« o o o s o s o lump sum 3,000
Operator's Quarters « > « » . lump sum h,000
TOTAL - DAM, SPILLWAY & OUTLETS $ U2E,000
(b)__RESERVOIR CLEARING . . . . . lump sum 60,000
SUB-TOTAL - COVSTRUCTION COSTS $ u88,000
(¢) Bng'ring, Inspec., Overhead & Centingencies  35% 171,000
TOTAL CONSTRUGTION COST $ 659,000

I1. DAMAGES

(a) Land to Blev. 460 . . 3,000 acres $ 20.00 $ 60,000
() Buildings to Blev. 450 lunp sunm 50,000
(¢) Power Privileges Destroyed . 50 H.P. 4o0.00 2,000
(d4) Highway Reclocation .. 0.7 mile 50, 000.00 35,000
(2) Telephone Line Relocation . . & miles 2,500 .00 15,000
(f) Power Line Relocation . . .« . 5 miles 3,000.00 15,000
SUB-TCTAL ~ DAMAGES $ 177,000
(g) Eng'ring, Appraisals, Overhend & Continzoncies  35% 62,000
TGTAL DAMAGES $ 239,000
TOTAL ESTIMATED PIRST COST ] $ 898,d00
Bstimated Cost Per Acre-Foot of Storage « . . . $ 22,28
Estimated Cost Per Square Mile of Drainage Area . .+ « + & $ 7,18%



TABLE 24. BUCKFIFLD EESERVOIR

(See Figure 1k)

Drainage Area: 156 square miles

Capacity: 49,200 acre~feet; 5.9 inches run-off

Reservoir Areat 4,050 acres at Spillwoy~Crost Elevation 345 ft. M.S.Le.

Dam? Earth Maximim Helght: 68 feet
Overall Length: 2100 feet Length of Spillwey: 250 feet

The outlet structures and the channel spillway rest on
bedrock. The dam is of earth fill 30 feet wide at the
top {elevation 363 ft.) with side slopes of 1 on 3.

The upstreanm face is riprapped and a rock filled tos
provided downstream. The spillwsy consists of a chan-
nel cut through earth and rock at the north end of the
dam. The outlet structures consist of one 1l2-foot diam~
eter semi-clliptical conduit controlled by four 4-foot
by 8~foot sliding gates. In addition to the dam there
are four earth dikes having a total length of 4500 feet.

Land involved: 5, 600 acres Railroads affected: None

Towns affected: None Highways affected: 5~1/2 miles

Bstimated First Cost (includingz engineering, administration, superin-
tendence and contingencieg)

Land and relocation costs

Land and buildings o $32l,000
Relocation highways, bridges, etc. 432,000

Other relocations ) 34,000

Total, land and relocation costs « o ¢ « « » « « « $ 790,000

Construiction costs

Damg and appurtenances 1,251,000

Total, all costs « « « = o » « + $2,041,000

Cost per acre-foot of storage $UL.U8 Cost per square
mile of drainage
area $ 13,083
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TABLE 25, COST ZSTIMATE ~ BUCKFIELD RESERVOIR

I. COWSTRUCTION COSTS
() DAM, SPILLWAY & OUTLETS.

‘ Quantity Unit Cost Coat
Stream Diversiofnl + « « « » s o lump sum $ 30,000
Dam Site Clearing .« « « « « s o 50 acres 150.00 7,500
Barth Excavation - Structures . « 120,000 cubic yards +30 36,000
Torth Excavation -~ Dikes .+ « « « 24,000 cubic yards .30 7,200
Rock Excavation - Structures . . 4,000 cubic yards 3.00 12,000
Rock Excavation -~ Spillway .+ « « 110,000 cubic yards 2.00 220,000
Drilling and Grouting . « « » o « 1,200 linear feet 10,00 12,000
Cut-0ff - Concrete Xey + + « » & 830 cubic yards 12.00 9,960
Concrete = Masgs « « « ¢« o« s+ & » 2,200 cubic yards 12.00 26, 400
Concrete — Qutlets + « v 4 o & & 5,800 cubic yards 15.00 87,000
Reinforcement o o + » » o » v o 230 tons 120.00 27,600
Embankment = ZBarth fill . . . « 520,000 cubic yards +B0 260,000
Gates & Operating Devices . » lump sum 27,000
Miscellancous Steel + o « + o & lump sum 10,840
Gate House Superstructure « » » 13,000 cubic feet 1.50 19,500
Service Power Lines . e s v e lump sum 5,000
Service Roads e b s e s e a e lump sum 12,000
Operator!s Quarters v e e e e e lump sunm 5,000
TOTAL ~ DAM, SPILLWAY & QUTLETS $ 815,000
(b) RESERVOIR CLEARING . 4 o o o lump sum 112,000
SUB-TOTAL ~ CONSTRUCTION COSTS $ 927,000
(c) Bnz'rine, Inspec., Overhead & Contingencies  35% 324,000
TOTAL CONSTRUCTION COST $1,251,000
II. DAMAGES ' .
(2) Tand to Tleve 355 .« » + + + o 5,500 acres $ 25.00 $ 1k0,000
(b) Buildings to BElev. 345 ... . , lump sum _ 80,00C
(c) Cemetery Relocation : . . 200 graves 50.00 10,000
(4) Power Privileges Dostroyed + « 500 E.P. Lo.00 20,000
(e) Highway Relocation . « « +« « & 5% niles 58,200.00 320,000
(f) Telephone Line Relocation . U miles 2,500.00 10,000
(g) Power Line Relocation . « « lump sum 5,000
SUB-TOTAL ~ DAMAGES § 58K,000
(h)_Englring, Appraisals, Overhead & Contingencies 35% 20%. 000
TOTAL DAMAGES $ 790,000
TOTAL ESTIMATED FIRST COST . $2,041,000
Botimated Cost Per Acre-Foot of SHOTage « o « o « v o « & » $ 4i,ug
Bstimated Cost Per Square Mile of Drainage Area . « . « » $ 13,083
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TABLE 26. OXFORD RESERVOIR

(See Figure 15)

Drainagze Aresn) 231 square miles

Capacity: 92,000 acre-feet; 7.5 inches run~off

Reservoir Area: 6,100 acres at Spillway-Crest Elevation 325 ft. M,S.1.

Dam: Barth and Concrete Maximum Height: 67 ft.
Overall Length: 1,;55 ft. Length of Earth Section: 820 ft,
Length of Conercte Section: 335 ft. (including obo ft. spillway)

Bedrock is exposed in the prosent river channel where the
concrete spillwoy and outlet structures arc located. The
spillway section consists of a gravity-type Ogee section.
The outlet structures consist of four 4 ft, by 6 ft. 3 in,
box conduits controlled by four sliding gates, each U ft.
by 6 £t. 3 in. located in a control tower at one end of
the spillway. The remainder of the dam is of earth fill
35 ft. wide at the top (elevation 342 feet) and with 1

on 3 side slopes. The upstream face i¢ riprapped and o
rock fill too provided downstreem. In addition to the
mein dam there are two earth dikes totalling 7,100 feet

in length.
Land involved: 7,000 acreg Railroads affected: 3-3/Y miles
Towns affected: Oxford, Welch- Highwaya affected: & miles

rille
Bstimated First Cost (including enginecring, administration, super-~
intendence and contingencies)

Land and relocation costs

Land and buildings $ 763,000
Relocation rallronds 613,000
Relocation highways, bridges, ete. 513,000
Other relocmntions 81,000

Totol, land and relocation costs « o« o » « « « +» « o $1,970,000

Construction costs

Dams and appurtenances 1,724,000
Total, 81l €osts « « » » » « « « » $3,694,000
Cost per acre-foot of storage  $H0.15 Cost per square

mile of drainage
ares $ 15,991
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TABLE 27,

COST ESTIMATE - OX¥ORD RESERVOIR

I. CONSTRUCTION COSTS
(a) DAM, SPILLWAY & OUTLETS :
- Quantity Unit Cost Cost
Stream Diversion .« + &« « + ¢ o lump sum $ $ 25,000
Dam Site Clearing « « « o o oo o 40 acres 150.00 6,000
Earth Excavation -~ Structures . » U0,000 cubic yards .30 12,000
Barth Excavation -~ Dikes . . . . 100,000 ecubic yards o 300 30,000
Rock Excavation -~ Structures . . 3,900 cubic yards 3.00 11,700
Drilling and Grouting . . » . « . 1,300 linear feet 10.00 13,000
Cut-0ff - Concrete Key .+ » « « » 85 cubic yards 14,00 1,190
Concrete —~ Wing Walls +.» o » » 24,800 cubic yards 15.00 372,000
Concrete — Qutlets . « « « « » » 2,900 cubic yards 15,00 43,500
Concrete = Mass + « + « « » & » 10,500 cubic yards 12.00 126,000
Reinforcement s e s s . . 1,100 tons 126.00 1%2,000
Embankment and Dikes = Earth f111 475,000 cubic yards .60 285,000
Gates & Operating Devices . + + » lump sum 30,000
Miscellaneous Steel . . .« e a lump sum 10,160
Gate House Superstructure . . . . 18,300 cubic fect . 1.50 27,450
Service Power Tineg . + « « 4 o « Tump sum 4,000
Service Roads « + v ¢ + + o o & o lump sum 3,000
Operatorl!s Quarters . . + « « 4 & lump sum 00Q
TOTAL - DAM, SPILLWAY & OUTLETS $1,137,000
(b) RZSERVOIR CLEARING . + « o « lump sum 140,000
SUB-TOTAL - COWSTRUCTION COSTS $1,277,000
(¢) Eng'ring, Inspec., Overhead & Contingencies 35% 447,000
TOTAL CONSTRUCTION COST $1,72k4,000
IT. DAMAGES

(2) Tand to Eleve 335 . . « . » « 7,000 acres $ U5.00 $ 315,000
(b) Buildings to Elev. 325 e s lump sum _ 240,000
(¢} Cemetery Relocation . . . 400 graves 50.00 20,000
(4) Power Privilezes Destroyed . . 250 H.P. 45,00 10,000
(e) Railroad Relocation .+ « . . » 3~3/U miles 121,000.00 454,000
(f) Highway Relocation « « + . & g miles U7,500.00 380,000
(g) Telephone Line Relocation . . 6 miles 3,000.00 18,000
(h) Telegraph Line Relocation . . 3—3/4 miles 1,87C0-00 7,000
(i) Power Line Relocation . . . . 5 mileg 3,000.00 15,000
SUB~TOTAL - DAMAGES $1,459,000
(j) Englring, Appraisals, Overhesd & Contingencies  35% 711,000
TOTAL DAMAGES $1,970,000
TOTAL BSTIMATED FIRST COST $3, 694,000
Tstimated Cost Per Acre-Foot of Storage .. . .o 3 bYo.1%
Tstimated Cost Per Square Mile of Drainage Area . . . v $ 15,991
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70. Caléulation of Anmual Carryineg Charges. - A calculation of

the economic cost or annual carrying charges has also been made for
use in the economic analyses of the reservoirs, It is pointed out
that this calculation of carrying charges, which is shown for the
separate reservoirs in Table 28, following, is for the purpose of
economic analysis only, and is not intended to represent the actual
arrangement of carrying charges which may.be used in practice: It
does, however, represent a summetion of =ll the annuel charges against
the reserveoirs which must be Justified by the benefits to be received.
The standard interest rate of 3% per cent for Federal investments has
been used. The allowances for smortization of obsolescence and depre-
cintion, baged on a 2B-year 1ife for movable parts and a HC~year life
for fixed parts, automatically cover the cost of major repairs because
guch items of repair will generally extend the life of the structure.
The annual expense o£ an operator and minor items of maintenance, such
as painting and minor repairs, are included in the allowanceé for oper-
ation and maintenance (Item b(3) in Table 28). Item b(H) in Table 28
represents an estimate of the net logg in taxes, Some return on land
and property acquired for the project may be expected, particularly on
that which lies near the upper limits of the reservoir areas, which
wlll be flooded very infrequently, and, in any case, rarely in %hs
growing season, thereby permitting the farming of lands nomally used

for that purpose.
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TABLE 28, ANNUAL COST OF FLOOD-CONTROL RESERVOIRS
Iten Rumford Dixfield Buckfield Cxford
Construction Period 2 Years 2 Years 2 Years 2 Years
a. Federal Investment
1. Cost of comstruction, lands and damages $ 11,162,000 $ 898,000 $ 2,041,000 1% 3,694,000
2. %% interest on {a~1) during 1/2 construction period 334, 860 26,940 61,230 110,820
Ef Total Federal Investment $ 11,496,860 $ g2k, 9ho $ 2,102,230 {$ 3,804,820
. TFized parts 11,229,860 g70,740 2,051,630 3, 744,420
‘5. Hovable parts 267,000 i, 200 50,600 60,400
b. Federsl Anmual Carrying Charge | |
1. %% interest on a~3 i $ 402,390 | ¢ 32,370 $ 73,580 |$ 133,170
2, Amortization - fized parts at .76%% of a~4 ! 85,680 6,640 15,550 28,570
_ ~ movable parts at 2.567% of a~5 | 6,850 1,390 1,300 1,550
%. Operation and maintenance [ 10,080 5,000 6,070 6,510
5. Loss of texes on land | 17,000 3,000 5,600 7,000
c. Total Anmusl Carrying Charge 1§ 522,000 | § bg,400 $ 102,200 |$ 176,800

Amortization of Obsolescence and Depreciation on the following Dbasis:

Fixed Parts -

0.763% anmually (50-year 1ife - 337 interest)

Movable Parts -~2.567% annually (25-year 1ife - 3—% interest)




7L. Effects of Reservoirs on Past and Plan Floods. - The ef-

fectiveness of the flood control reservoirs in reducing flood stagss

at four principal damage centers for a flood similar to that of March,
1936 is shown in Table 29, following. Natural and modified hydro-
graphs of the March, 1936 flood at the reservoir sites are shown on
Figures 20 to 23. The reductions in stage and discharge at the damage
centers of Rumford, Livermore Falls, Lewigton, Auvburn and Lisbon Falls
are shown on Figures 24 to 28. A natural and modified profile is shown

on Flgures 29 and 30.
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TABLE 29. APPROXIMATE REDUGCTICHS IN SYAGE AND DISCa-RGE AT SSVERAL STATIOES
FCR A FLCOD SInILAR TO THaAT OF uiRCh, 1930

Drainagze | Drainage irea | Discharge ¢.f,s.
4Lrea Reservoirs under Control | Watural |Modified |Per Cent Stage in Feet Net
Station above above §q. Mi.jPer Cent Flow Flow Reduction ||Recorded | sodified Reduction
S5g. ili. Station B b B ] e
Rumford, He. I
{On main stem of ‘ .
Androscoggin River) 9g5% Eumford 955 97 | 14,600 | 36,300 50.9 b1 o TR i S X -
‘{Livermore Falls, ie. Fumford 555 7C.7 9,900 57,500 38.8 11, 1%k 9.0x** | 2.1
{On main stem of Pumford and '
Aindroscoggin River) | 1356% Dixfizgld 1080 80.5 9lL, 600 g ha 50C 1 h7.3 11, 1%x 8, Ok ek 2.5
Lewiston, Me. Rumford 965 | 5%.1 {118,000 | 83,800 29.0 _ ligbh. 5%+ | 261, 3% 3,2
(Cn main stem of Rumford, Dixfield '
Androscoggin River) | 1752% and Buckfield . 12ko 71.1  [118,9¢ 65,000 4 g 26, H*% | pRg x| 5.0
Auburn, Me.
(At mouth of Little
Androscoggin River) ! 380 Cxford 23 £C.9 23,70¢ 12,700 ok 143,9%% | 126, 7x* 15.2
Tisbon Falls, He. Rumford G&5 41.9 1155,00C | 123,000 2.7 12, FF%# | 10, Prwex 1.6
(0n main stem of rumford, Dixfield,
Androscoggin River) Buckfield and ,
Oxford 1477 6%.1 {155,000 98 ,5C0 36.5 12, Frx* 9, Bxx® . 2.8
Fumford, Dixfisld
2305* and Buckfield 1246 54.1 }15%,CC0 | 113,C00 27.1 12, 3%%* | 10, Jrsw 2.0

* Net drainage area (drainsge area above Errol Dem (1095 sq. mi.) not included).
*# U,S5.G.5. Datun *¥* Jocal Datum



72. Annual Benefits from Flood Control Reservoirs. -~ The re-

ductions in stage afforded by the various regervoirs and combinations
-of reservoirs have been translated into anmual flood-prevention bene~
fits on the basis of computed expectancy of the increments qf stage
refuction. By this method the smounts of damage occurring in one or
two~foot increments of stage are multiplied by the annual expectancy
of each increment of stage up to the‘maximum and the sum of the re-
sulting incremental losses is the total annual lose to be expected.
The difference between expected losses with and without control is
the annual benefit to that control., The annual losses in each reach
are shown on Figures 32, 34, 36 and 38, A comparison of the annual
benefits and costs is given in Table 30, following.

TABLE 30. COMPARISON OF ANNUAL CARRYING CHARGES
AND FLOOD CONTROL BENEFITS

Total Annual Annual Ratio of
Regervoirs First Corrying | Flood-Control| Annual Benefitg
' Cost Charges Benefits to Annual Charges
Four (R-D-B-0)* | $17,795,000 |$ 849,k0c0 ¢ 374,100 0,44
Three (R-D~B)** | 1,101,000 672,600 359,200 0,53
Ramford alone 11,162,000 522,000 322,700 0.62

* Rumford, Dixfield, Puckfield and Oxford
** Rumford, Dixfield and Buckfield

73. Levees and River Walls. - Flood protection by means of

levees or river walls has a certain advantage in that it is positive
up to the height of levee or river wall previded nlug any additional
height which may be added by sand~bagging or other emergency opera-
tions immediately preceding or during a flood. The protection afford—
ed, however, is local in extent rather than general, as in the case

of reservoirs. There are no incidental benefits such as those which
may accrue from reservoir control. The provision of flood protection
by construction of levess and river walls in the principal damage cen-

ters of the valley has been investigatod with a view to determining
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the feagibility of this method as a primary means of fleod control.
The first step ir the study was to examine the flood damage statistics
in the basin with a view to segregating those areas in which flood
damages were confined to a reasonably concentrated section and wherel
local flood protection might prove to be economically justified.
This preliminary examination revealed 11 communities which appesred
to offer gsome Possibvilities for flood protection by levees and river

walls. These cities and towns are listed in Table 31, together with

the amounts of damage sustained during the March, 19%6 flood.

Tield

reconnaissance of these communities and further sxamination of fthe

damage statistics were sufficient to establish the fact that local

flood protection would not be cconomically Justified at seven of

these damage centers.

The remaining four communities (Rumford, Mex-—

ico, Auburn and Lewiston) were selected for detailed study of flood

protection possibilities and analysis of costs and benefits,

TABLE 31, SUMMARY OF FLOOD DAMAGES AT PRINCIF.L DAMAGE CENTERS
Damage Reported i Tstimated
Danmage . additional Total Principal
Center Direct | Indirsct| Indirect Domages
Brunswick $ 21,600 1$%,000 | $ 3,000 87,600 |Commercial
Topsham 42,900 | 35,100 35,100 11%,100 |Commercial
Lisbon Fallsg 12,700 22, 700 22, h0o "7,700 (Cormercial
Industrial, Con-
Auburn 216,850 | 135,000 135,000 u86,850 |mercial and Res-
identiel
Industrial, Com-
Lewiston 138,450 | 12,550 12,550 163,550 |mercisl and Res-
: idential
Chigholmnm 11, kOO - - 11,500 | Commercial
Commercial and
Livermore Falls 17,300 9,500 9,500 36,300 | Residential
Commercial and
Rumford 145,100 750 750 146,600 | Residential
Commercial and
Mexico 42,750 1,250 1,250 46,270 | Residentiol
Commercial and
Virginia 71,530 1,700 1,700 3,930 | Residential
Commercial and
Berlin 26, 5R0 2,500 2,500 31,550 | Residentis
; Total $768,230 |$22%,850 | $223,8%0 1$1,215,930
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74. Extent of Invegtigation. - Enlarged aerial photographs

were used as base sheets for the topographic surveys. Preliminary
designs were then preparad, as shown on Figures 39 and 30, Barth
levees and concrete wal'is constitute the principal protective

works. Levees were designed with 1 on 3 side slopes, including
riprap protection on the river slope and with steel sheet piling
cut~off walls for heights in excess of 15 feet. Concrete walls in
general were proportioned as gravity structures founded on bearing
piles with sheet piling cute-off, Where mill tuildings ;ine the
waterfront, a semi-gravity type of wall joined with the existing
rubble foundations of the buildings was adopted as the basis for de-
termining costs. The crest elevation for flood walls was established
at the level of the 1936 flood with provision in the design for
withholding two feet of additional stage by flashboards. Tops of
levees were set at three feet above the 1936 flood level. This ad-
ditional height, with some emergency work for safety against wave-
washing on the crest, was considered to constitute dependable pro-
tection against floods having a crest two feet higher than in 1936,
Costs of necessary sewerage and pumping stations for the areas
protected wers includéd in the estimates. Sizes of sewers and pumps
were roughly proportioned to handle a storm run~off of one-~quarter
inch per hour over the watershed of the protected areas plus
nominal allowances for infiltration and domestic sewage.

‘15. Determination of Annusl Costs and Benefits. - For the

purposes of economic analysis the annual costs, or carrying
charges, were based on the standard interest rate of 3-1/2% for
Pederal investments for all items of cost. Amortization was
based on 50-year life for all items except sewers and pumping ste
tions (designated as "Drainage" in Table 32), for which a 30-year

life was used. Benefits were determined by separating the damages
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in the areas affected from the basic damgrs statistics deseribed in

Section IV and applying the same methods of computing annual losses and

‘Pertinent data for the commune-

bonefits ag illustrated in Section IV.

ities analyzed for possibilities of levees and river walls as the

primary means of obtaining flood control are summarized in Table 32. .
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76. Chonnel Improvements. - Some degree of reduction of flood

logses can be effected by reconstruction or removal of dams, bridges
and buildings which form artificial obstructions to flood flows. Such
improvements generally can be undertoken economically only when the
structure hos reached the end of its economic or physical life, or
when extensive reconstruction ig required for some purpose other
than flood control alone. Specific suggestions concerning desirables
improvements to be incorporated in plans for reconstruction of ex-
isting structures, when undertaken for reasons other than for flood
control, are listed below by localities, Wone of these would lesgen
flood damages to a sufficient degree to warrant its prosecubion, at
the present time, for flood control purposes alons.

2. Berlin - Highewater elevations are controlled by a
series of 5 dams in the city. The strean ig further obstructed dy
bends, gorges, ledges, and mill buildings. In addition to the losses
caused by the main stream, the Dead River, a small tributary running
through the city, caused congidorable camage by overflowing its banks,
The Brown Company, whose buildings line both river banks down to Mason
Street, has considered a progrom of channel improvement and protection
within the limits of ite flownge rights., The buildings of the Inter-
national Papér Company below the Magon Street bridge are being razed;
This work should improve flow conditions through that reach. It is
suggested that the following additional improvements will be of bene-
fitt Raise the highway bridege above the "Sawmill! dam, raise and
lengthen that portion of the Mason Street bridge below the dam sgpill-
ways raise and lengthen the railway bridge, snd eliminate the encroach-
ment of the approach fill on the right bank:; remove a portion of the
high ledge splitting the flood channel below the Mason Street bridge.
The Dead River, running through the City ofABerlin, ghould be improved

where feasible by deepening and widening. ¥or the 1200 feet of
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its length above the mouth, encroachments along the banks necessitate
use of a pressure condvit to obtain adequate Aischarge cavacity.

The altermative method of reducing severc floﬁd flows would be the
construction of a reservoir with about 2500 acre feet of flood stor-
age.at the site of the old Browm Company dam sbove the citys The
channel improvement with pressure conduit will afford the more econ-
omical means of flood protection because of the fact that the resg~
ervoir would necessitate construction of a dike for about 2~1/2 miles
along the main line of the Grand Trunk Railroad.

b. Gorham - Local high-water elevation is confrolled by
the dam. Since the valley here is a wide flat flood plain, it is
suggested that the installation of flood gzatass in the dam will
prove effective in reducing dnméges.

¢+ Rumford -~ High-water elevations in the city are con-
trolled by the Middle dom and the channel conditions in the reaches
downstream from it. Improvements have already been made by local
interests as follows: A4 wall along the forebay of the upper dam to
prevent overflow of the right benk at that point, lengthenlng of
the upper bridge by adding ancther span, and a protective wall on
the right bank below the Middle dam. The Oxford Paper Company has
raised the fill on its property at the bend in the stream. Further
improvement in flow conditions might be effected by ledge removal
to improve flow conditions in the wvieinity of the Morse and Memorial
highway bridzes. Improvement of the chamel would result from re-
moval of the approach fill to the abandoned rajilroad bridge on the
left bank.

d. Jay - The strecam at this point is divided by two
small islands, and is obstructed by three dams and three short
highway bridges which have been thrown up between the islands and

the shores. The power house in the dan across the left channel
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takes up a coneiderable portion of the spillway capacity; Both the
dams and the center bridge suffered damage during the March, 1936
flood., The following improvements are suggested: Set back the
abutments and raise all three bridges! provide for flood gates in
the dam across the left chamnel: clear away the ledge between

the dam and bridge in the right channel. In reconstructing the
bridges consideration should be given to their relocation at a

safe distance upstream or downstream from the damg.

és Livermore Falls and Cnisholm - High-water elevations

are controlled by the two dams in the towns. The major portion of
the towns being situated well above the flood level, there is not

much necessity for improvement. The highway bridge, when rebuilt,
could be raised a few fest, and additional channel width obtained

by satting back the right abutment.

f. Lewigton and Auvburn ~ High~water elevations in

these cities are controlled by the Uniodn Water Power Company's dam
and by natural channel conditions downstream. Appreciable encroach-
nent on the stremm has been caused by dumping along both river banks
above and below South bridge. There is also some encroachment caused
by filling in the left bank between the Worth bridge and the railway
bridge. Possible chennel improvements are the provision of flood
gates in the Union Water Power Company's dam, removal of several
encroachments in the channel, and excavation of the channel below

the North bridge.

2. Lisbon Falls - High-water elevations here are con-

trolled by the two dams in the town. Since the major portion of
the town lies above the flood level, there appears no necessity
for extensive channel improvement. 'The'channel capacity may be
increased by 1owefing the rock ledge in mid-channel, and removing
the vpresent pier on the small island near.the left bank.



h. 3Bruhsgwick -~ Highewanter elevations in the city are con-
trolled by the two dams. There is considerable ledge rock above and
below the lower dam, and the mill buildings forming part of the left
forebay for the lower dam encreoach upon the channel. The contimuity
¢f the upper dam is broken by two ledges which restrict the flow.
The bridge, 1/4 mile upstream from the upper dam, is a double~decked
structure;, with the highway bridge underneath and the railway deck
above. It is suggested that the following changes would improve
flow conditions through the city! Provide flood gates in the lower
dam! remove the ledges and islands above and below the lower dam:
remove the highway (Lower) deck from the bridge upstream, and re-
build it as a separate structure with adequate flood clearance.
Congideration should alsgo be ziven to the possibility of construct-
ing a wall along the depressed left bank of the river above the lower
highway bridge, to prevent overflow into the town of Topsham.

i. QGeneral - At many points along the river, shoals were
formed during the March, 1936 floods, particulariy at points where
natural channel constrictions tend to form ice jams. For oxample,
such ice jams formed during these flcods just below two dams owned
by the Pejepscot Mills (one U~1/2 miles above Brunswick, the other
the lower dam at Lisbon Falls) and not only increased the amount of
danage to the comvany'!s property, but resulted in the deposition of
meterial to form shoals which tend to increase pcssible future floods;
The removél of these chammel constrictions and shoals would improve
flood conditions locally at numerous Points along the river.

77« Diversion of Flood Flows. = Possibilities for the elimine

ation of losses in the Anfroscoggin Basin by diverting floods waters
into auxiliary channels are linited entirely %o nminor tributarics.
The topography in the areas subject to flood damage preclude the prac-

tical consideration of this plan as 2 method of major control.
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VI. FLOOD CONTROL AND OTHER WATER USES

78, Multiple~Purpoge Reservoirs., - The possibility of obtain~
ing additional storage capacity over and above that required for
flood control at the four prospective flood~-control reservoir sites,
to provide for combined utilization of thege reservoirs for flood
control, conservation storage and power generation, was considered
and estimates of the additional costs and edditional benefits of such
developments were made, The storage capacity allocated to flood con~
trol in the multiple-~purpose reservoirs wag equal to that selected
in the studies for flood control glone and s separate additional
capacity was added thereto for conservation storage. Preliminary ese-
timates were used to establish the total cost of the combined reser-—
voirs and the cost of the conservation portion was determined by de-
dueting from this total the previouvsly detesrmined cost of providing
flood=control storage alone in & smaller ressrvolr. The capacity
of hydro~electric installation was based on the minimum regulated
flow, minimum operating head and a 25% daily load factor during the
low-flow periods,

79. Bagic Assumptions. - The annual charges for the power de-

velopment were estimated as follows:

Hydro-Electric Damg and Reservoirs
Installations (Conservation Portion)
Interest on Investment 3. 5% 3.5%
Amortization 2.5 0.5
Maintenance and Operation 2.0 1.0
Insurance 1.0 0.5
Total 9.0% | 5.5%

Overall hydro-electric plant efficiency was assumed at 80% and the
benefiting downstreem plants were assumed to wtilize 80% of the
water released from the storage reservoirs., The power benefits re~
gulting from operatioﬁ of miltiple~purpose reserveirs were evaluated

on the fellowing basis:
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$12.50 per kilowatt of dependable capacity of installation
at site
1.5 mills per kilowati-hour of energy ontput
1.5 mills per kilowatt-hour of increase in energy
output of existing plents below the reservoir

It was assumed that the value of dependable power is $12.50 per kilow
watt per amnum based on the annual fixed charges of steam power plants
with estimated construction costs of $100 per kilowatt and fixed
charges at 12,5%. The 1.5 mills per kilowatt-hour represents a con=
sorvative costimate of the fuel-saving value of the hydro~electric
energy output. It is estimated that the actual fuel cost of steam-
produced energy in the State of Maine is from 3 to 4 mills per
kilowatt-hour. However, with steam produced energy comprising only
3% of the total in Maine, and with the great amount of hydro-electric
power available, both existing and potential, it is believed that
only & small portion of additional hydro~electric cnergy could be
considered as replacing steam energy. Therefore the conservabtive

value of 1.5 millg has been used for the economic analysis.

0. Rumford Reservoir sg a Multiple-Purpose Development, -~ 4

preliminary examination of the multiple-purpose possibilities of the
four sites considered far flood control definitely eliminated from
further study the Dixfield, Buckfield and Oxford sites because of
the relatively high cost of storage caused by excessive property
damages encountered at elevations above‘those gelected for flood
control, the relatively small tributary drainsge areas, and the low
power heads available at these sites. A detailed study of the mul—/

tiple-purpose possibilities was made, therefore, only for Rumford;

a summary of the results is given in Table 33, following.
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" mABLE 33, RUMFORD RESERVOIR - MULTIPLE-PURPOSE DEVELOPMENT

Drainage Area @ = = - = = =~ = = = = = « « =~ ~ & 2,090 gquare miles
Spiliway Flevation - - - - - = - - e - 670 ft. above M.S5.L.
Flood-Control Storage Capacity - - - - - ~ = » « 295,000 acre-~feet
iross Conservation Storage Capacity — = = - = ~ = 297,000 ascre~feet

Total Capacity of Multiple-Purpose Reservoir - ~. 592,000 acre-feet
Net Conservation Storage Capacity (&8-ft. draw-down) 100,000 acre-feet

Prime Flow = - = = = = = = o = o e e - — - - 2,050 c.f.s,
Operating Head -

(a) MaxXimum = = = = = = = = = = = = = = = = = 45 feet

(b) Minimum = — — = = = = ¢ = = - = " .- - 7 feet

(c) Average - = = =~ = = = = = = =~ = = - - - 3 feet
Capacity of Hydro-Tlectric Installation - - = - = 20,600 kw
Average Annual Quiput - - - - - - = - - = - = - - 80,000,000 kwh
Increase in Average Annual Qutput of the

Downstream Plants - - - — 26,000,000 kwh*

Benefits from Multiple~Purpose Development ~
Power Benefits
(a) Dependable Capacity, 20,600 kw at $12.50 - $275,000
() Energy output at the site, 80,000,000 kwh
at 1,5 mills - 120,000
(e) Incremental energy at existing down-
stream plants, 26,000,000 kwh at1.5 mills 39, 000

Total Annual Power Benefits = = — = — = = — - — $ 434, 000
Anmual Flood-Control Benefits - - - - - - = - - %22, 700
Total Annual Benefits = = = = -~ = = — - = ~ - - $ 756, 700
Bstimated Firgt Cogts
Combined Storage — = = = = = = = = « = = = = — “$ 15,362,000
Carried by Flood Control = - - = = = = « = = $11,162,000.
Chargeable to Comservation - - - « — — - - = $ 4,200,000
Hydro-Electric Installation - - = = = = =« = = = 1,814,000
e e g
Total Cost, Multiple-Purpose Development = - - $ 17,176,000
Annusl Carrying Chargeg
Conservation Storage - = = = « = = = = = = - =~ $ 239,100
Hydro-Electric Installation - - -~ = = « = = ~ = 169, 00O
Flood Control = — = m = = w = = = = = = = = - = Rez, GO0
Total Annmual Charges,'ﬂultiple—Purpose Development $ 930, 200

* Based on a head of Y07 feet, which is that portion of the present
total head of U84 fzet which has capacity to benefit from the
increased low-water flow.
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8l. Resultsg of Multiple~Purpose Reservoir Studieg. -~ The ratio

of estimeted annual benefits to amnual costs of a multiple-~purpose
development of the Rumford site, as determined from the foregoing
tabulation, is found to be 0.81, The development of the site for
such combined use does not appear, therefore, to be economically
warranted under the existing conditions of develooment in the basin.
In addition to the 48U feet of power head at present developed be-
low the reservoir site, there are undeveloped potential power sites
on the Androscoggin River aggregating some 71 feet, The benefits from
the operation of conservstion storage at Rumford Reservoir which
would accrue to the existing plants and to the potential future
plants, representing in all sbout 555 feet of head, amount to 35,000,000
kilowatt-hours. Assuming that the entire potential head beldw the
reservoir were developed and the existing plants redeveloped so that
all of them would have sufficient capacity to benefit from the in-
creased low-~water flow, the total value of power benefits would
amount %o $4%47,500 and the overall ratio of annual benefits to an
nual costs of the multiple~purpose development would increase only
to 0.83. The foregoing ratios of benefits to costs of 0.8l and 0.
were computed on the basis of value of energy at 1.5 mills per
kilowatt-hour, as ocutlined in parsgraph 79. This valuc may be re-
garded as conservative in areas where there is an actual demand for
the replacement of steam energy vy hydro-electric., Under existing
gonditions of vower demand and legislative restrictions on the ex~
port of power, it ig believed that no greater value can be placed
upon the energy. Multiple-purpose reservoirs at the Dixfield,
Buckfisld and Oxford sites, which are not as favorably suited for

such development as Rumford, would be even less Jjustifisd economically.
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82, Posgible Incidental Benefiis of Flood~Control Reservoirg., -

The meteorological and hydrological studies in connection with flood-
control reports for several New England rivers have indicated a defi-
nite seasonal character of the more severe dameging floods in the
Androscoggin Besin, as well as in other New England basins. This
seasonsl character consists primarily of the preponderance of floods
in the spring due to run~off from melting snow. Although flooding
does result from extreme rainfall alone in other seasons of the year,
there are few instances of serious damage from floods which have éc—
curred in any but the spring season. In view of the seasonal chare
acter of the flood problem, the possibilities of utilizing a portion
of flood-control reservoirs for conservation storage in the reduced-
flnod—~threat season have been considersd. The studies revealed that
& lesger amount cf flood~-control storage is required to eliminate
flood damages from the maximum flows which are possible from rain-
fall alene than is réquired in the limited season when the watershed
is snow-covered and combined ruﬁwoff from rainfall and melting snow
ig possible. It is believed that a plan of coperation could ﬁe
evolved through experience and study of watershed conditions which |
would permit the utilization of some portion of the flood-control
storage reservoirs for conservation purposes after the winter's snow
cover had melted and run off. In order to determine the value of
such possible storage operation, a computation was made of the ine
creased low-water flow Which conld be obtained. The results are shown

in Tgble 34, following,
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TABLE 34,

FLOW. AT AUBURN, ME.

EFFECT OF QPERATION OF FLOOD-CONTROL RESERVOIRS IN
SEASONS OF REDUCED--FLOOD-THREAN ON MINIMUM MEAN MONTHLY

(A1l flows in cubic feet per second)

Four~Reservoir Three-Reservoir Rumford
Combination Combination Reservoir
{BemDeB-0) (R-D=B) Alone
Present minimom flow* 1,900 1,900 1,900
Minimum flow with indi- :
cated reservoirs 2,780 . 2,650 2,530
Increase 880 750 630

The possible increased lov-water flow represents a potential benefit

to downstream power installations, water supplies, sanitation and re-

creation.

of the basin are such that 1little benefit could be realiged.

At the present time the water gupply and recréational needs

Pollution

of the river 1s a serious problem at the present time and the need for

i

sanitation measures has been recognized by local and other agencies

concerned for a number of years. Because of the difficulties of ob-

taining cooperation of bveneficiaries of any improvement in sanitary

conditions, and also because of the incidental and therefore problemat-

ical status of obtaining improved sanitary conditions by means of an

inereazed lovewater flow from flood-control reservoirs,

it is not

considered advisable to place a value on the potential benefits of

such an increase. in lovewater flow at the present time,

Ag a meagure

of value of the operation of flood-control reservoirs for conservation

storage in a reduced-flood~threat season, the possible benefits to

existing dovmstream power installations have been determined as shown

in the following table,

* Based on the dry years of 1929-30.,
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TABLE 35, INCIDENTAL POWER BENEFITS RESULTING FROM OPERATION
OF FLOOD-CONTROL RESERVOIRS IN SEASONS OF REDUCED-FLOOD-

THREAT
Increased Energy Value at
Reservoirs Sutput 1.5 Mills Per
Kilowatt-hours Kilowatt=hour
Combination of Rumford, Dixfield,
Buckfield and Oxford Reservoirs 4g, 000, 000 $ 72,000
Combination of Rumford, Dixfisld
and Buckfield Reservoirs 46,000,000 $ 69,000
Rumford Reservoir alone 39,000,000 $ »8,000

The foregoing possible additional power benefits are based on the fol-
lowing aggrégate heads below the reservoirs: Rumford, 407 feet; Dix—
field, 261 feet; Buckfield, 172 fect, end Oxford, 64 feet. These rep-
resent the operating heads developed below the respective reservoirs

at installations of sufficient capncity to benefit from the increased
flow. The total developed heads below each reservoir are: Rumford,
g4 feet; Diwfield, 308 feet, Buckfield, 233 feek, and Oxford, 227
feet. Bven if the wtilization of flood-cons rol storage in the reduced-
flood-threat sesson were found to be feasible and the foregoing benefits
could be realized, the ratio of benefits to costs for the four-, three-
and one-regervoir combinations at the present time wounld be increased
only to 0.53, 0.64 and 0.73 respectively. If the number and capacity
of downstream power installations increase in the future and improve-
ment of water supply, sanitation and recreational conditions becomes
nmore desireble, the value of an increased low~water flow would be
greatly enhanced and, it is believed, would be worthy of consideraticn

at that time.
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VII. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

83; Summary of Pogsibilities for Reservoir Control, - Sufficient

control of floods in the Androscoggin Basin to eliminate 82.5% of the
average anmial flood damages could be provided with a system of four
reservoirs, Rumford, Dixfield, Buckfield and Oxford. A combination
of the first threec named reservoirs would eliminate about 79% of the
damage and Rumford Reserveir alone would eliminate 71%. Of the total
drainage area of 3,470 square miles, the 1,095 square miles (31.6%
of the total basin) above Errol Dam are already well regulated by
existing power storage. Including this area, the resulting per-
centage of the total basin area controlled by the four-, three-,,

and one-reservoir combinations described above would be TH.1, 67.5
and 59.3, respectively. HNone of these combinations of reservoir
control are economically justified at the present time, however.
Rumford Reservolr alone, ﬁhe nost favorable prospective development,
hag a ratio of flood-control benefits to costs of only 0.62. If it
were found feasible to utilize the reservoirs for conservation stor-
age in the reduced-flood-threat season, additicnal benefits to downe
stream power installations, sanitation, water supply and recreation
would result. At the present time, however, these additional henefits
would not be sufficient to Jjustify comstruction of the projects. In
addition, there are practiceble possibilities for maltiple~purpose
developments for flood control, cénservation storage and power de~
velopment. Similarly, however, the prospective benefits of the most
favorable project for multiple purposes, Rumford Reservoir, would
not be economically justified at the present time, having a benefite-
costs ratio of only 0.81.

84. Local Flood Protection. ~ The mest favorable opportunities

for flood protection in leocal arsas are at Auvburn-Lewiston and Rumford-

Mexico. There are several sections in these communities which ceuld
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be mrotected by means of levees or river walls, but the benefits

to be gained at the present ftime would be less than the costs.

There appear to be no economically favorable cprortunitiss for local
flood protection by this or bther means., The flood problem in-sev~
eral communities could be alleviated by reconstruction or removal

of dams, bridges and bulldings which affect flood flows. These
corrective measures could be accomplished economically only when

the structures have reached the end of their economic or physical
life.

5. Zoning Regulations. -~ Although there are no economically

Justified possibilities for channel improvements either throughout
tﬁe bo.gin generally or in specific local areas, it 1s believed that
much improvemenit of channel condiftions, with resulting flood cone
trol benefitg, could be obtained by regulationg degigned to eliminate
existing channel encroachments, inadequate channel clearances and
developments in areag subject to frequent flocding and to prevent

the growth of such conditions in the future. Such regulation could
be obtalned by municipel and state zoning laws.

86. TFlood Warnings. - Some measure of flood control may also

be realized by correlating the predictions of storm rainfall and
studies of saturation, snow cover and other watershed conditions,
thus meking possible the draw-down of existing storage before the
predicted storms. The extent and water equivalent of the snow cover
and wnderlying ground conditions are very important flocd factors in
thig basin and additional data to those now being collected by the
Weather Bureau and other agencieg should be very useful in the future.
Extension and correlation of investigations of hydrolegic conditions
in the basin through cooperation of all agencies concerned are de-
sirable, therefore, to the end that improved flood forecasts and ade~
quate warning may be given to the public and to the agencies control=-

ling existing and prospective storage. The vractice of these
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methods is already being carried on by private storage operators

in the Androscoggin Basin, with considerable success in controlling
flood flows. The operators have arranged for cooperation with lo-
cal Weather Buresu officials and agencies collecting hydrological
data to the full extent of present facilities for exchange of in=-
formation. They have exbressed the opinion that an asrial photo-
graphic survey of the river and its principal tridbutaries would be
very useful for better execution of a flocd~warning system and con-
trol of existing storage. Such a survey should.properly come under
the jurisdiction of the U. S. Weather Bureau, the agency charged with
responsibility for flood forecasts and would appear desirable if com~
patible with the Plans of that agency.

87, Conclusions. ~ Improvement of the Androscoggin River,Mé.& N;H.,.
for floed control by means of new construction does not appear to he
economically justified at the present time. It is pPossibdble, however,
that the need and justification for flood~-control works may increase
if the value of developments within the wvalley increases. ' In addition,
it may bte pogsible, at some future date, to provide flood control by
. means of multiple~purvose reserveirs. Such development ig not warranted
at the present time but may become justified if there should be an in-
creased demand for hydro-elsctric power in the State of Maine. TFuture
developments as to the value of flood—control storage in providing
incidental benefits to power developments, water supply, sanitation
and recreation mey also increase the justification of floodw~control
rescrvoirs. Flood protection of local dsmage centers by means of
levess or river walls and channel improvement is not warranted. These
nmethods may become justified for some localities in the future if the
value of property in concentrated areas subject to flooding should
increase. It is believed, however, tha} local flood prodlems in many

cases could be alleviated by reconstruction or remcval, at the end of
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their economic or physical life, of dams, bridges and buildings
which affect flood flows and by the provision of zoning regulations
to eliminate channel encroachments and development in areas subject
to frequent flooding. Regulations might also be provided to limit
development in the areas best suited for reservoirs in order to in-
sure their availability at a2 reasonable cost 1f the nesd for reser-
voir control should increase. An appreclable messurs of flood con-
trol is already provided by the operation of existing storage in the
basin, Continuation of present practices and assistance to the stor-
age operators in enhancing the value of the practice by means of im-
proved flood—forecasting gservices are desirable.

88. Recommendations. - It is recommended that no improvement

of the Androscoggin River for flood control by means of new cone
struction be undertaken at the present time, but that the Department
cooperate with any State or Fedsral agencies concerned in improve~
ment of the flood situaticon by coordination of existing storage,

floodewarning and forecasting services, and zoning regulations.

A, K. B, Lyman
Colonel, Corps of Engineers
District Engineer

Inclosureg:
Pigures 1 to 40
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